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HE teehnique of measuring human relations which we are to deseribe evolved 

as a result of the need for a method of objectively describing and analyzing 
data obtained in anthropologiec field studies and interviews. It has been de- 
seribed in detail elsewhere." ? It provides the sociologist, psychologist, and 
anthropologist with a useful means of visualizing at least some of the dynamics 
involved in interpersonal relations. The physician as well will find this method 
of some value in understanding those baffling problems in interpersonal rela- 
tions which invariably appear in the practice of medicine. 

Often the doctor gives advice to his patients which is tempered.by a con- 
sideration of each patient’s personality. Even before the development of 
psychiatry the physician considered this factor. The family doctor realized, 
by virtue of his long-time association with families, that the manner in which 
the members of a family group adjusted themselves to each other was an 
important factor in precipitating emotional upsets, which might not only cause 
disease but were fundamental in determining the future course of illness and 
the patient’s manner of recovery. With the development of his ‘‘life chart’’ 
technique for presenting case histories, Adolf Mever*® early emphasized the 
hasie interrelation of environment and mental disease. Today interpersonal 
relations are recognized as being a most important part of environment, and as 
diagnosis and treatment of disease have progressed, this factor has gradually 
heen unmasked so that it is now ¢linieally recognized as being a causal or 
precipitating factor in many illnesses and a factor modifying the progress of 
all disease. 
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We offer here a method which enables the physician to understand more 
clearly the problems of interpersonal relations which his patients present. By 
its use the concept of interpersonal relations becomes more tangible, becomes 
subject to measurement. Psychosomatic medicine is a new and broad field in 
which the wisdom and skill of the clinician, psychiatrist, social worker, and 
others are taxed to the utmost in attempts to bring relief to the patient. The 
psychoneuroses likewise demand special skills. The clinical measurement of 
interaction by means of recording the time relations in interviews of the doctor 
with the patient and with others in the patient’s environment will aid in the 
understanding and treatment of these confusing psyehosomatie and = psyeho- 
neurotic disorders. 


THEORETICAL CONSIDERATIONS 


Interaction is defined as that portion of a person’s total activity which 
is immediately followed or preceded by activity on the part of another person. 
A conversation between the doctor and the patient represents a sample of the 
daily interaction of each. Almost all of an individual’s life is spent in inter- 
action with other individuals in institutions, such as the home, business, elubs, 
et cetera. The most striking feature of the interaction of individuals is that each 
individual tends to maintain an equilibrium with respect to the quantity and 
type of interaction in which he partakes. Human beings have the property of 
maintaining a fairly constant amount of interaction in their interpersonal 
relations and of compensating for any changes in these relations by appropriate 
reactions. This concept of equilibrium is most useful when considering psy- 
chiatric problems in general practice. 

The internal environment of each individual is maintained in a state of 
homeostasis by the action of the autonomie nervous system and, as Cannon 
and his associates? have convincingly shown, this constancy of the internal 
environment is maintained against the disturbing effeet of changes in the 
external environment. Disturbances of the equilibrium which exists in inter- 
personal relations result in an activation of the autonomic nervous system. 
Emotion is an outward expression of this activation. The mechanisms which 
a person possesses to maintain himself in a state of homeostasis despite changes 
in his external environment are no less active during times when great stress 
is being brought against him by other persons than when he finds himself, for 
instance, inadequately protected from cold. Many of the symptoms of the 
psychosomatic and psychoneurotic disorders arise from this activated auto- 
nomic nervous system. The nature of the responses to stimuli from other persons 
is determined not only by conditioning or ‘‘past experience’? and from the 
resultant cortical activity, but also by the autonomic nervous system which 
‘‘endeavors’’ to maintain each person in his characteristic equilibrium with 
other people and the rest of the external environment. 

Not only may each individual be regarded as being in a state of equilib- 
rium in his interpersonal relations, but each of these equilibrium states will 
differ from individual to individual. Some persons may require a_ great 


amount of activity with others, while some may be content with a rather small 
amount of daily activity. Some persons may need more originative activity ; 
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these represent the ‘‘extravert’’? type of person. This equilibrium is a rela- 
tively stable property of each individual. It is developed in childhood within 
the family institution, and its form depends upon the relationship of the child 
to the various members of the family. It undergoes modification during the 
school years, adolescence, and young adulthood as the individual broadens his 
field of interpersonal relations. The stability of an equilibrium is reckoned 
by the degree to which emotional reactions fail to be called forth during inter 
personal relations. Great stresses upon an equilibrium, such as marriage, death, 
hirth, loss of job, et cetera, will cause profound emotional reactions. However, 
a stable equilibrium in normal day-to-day living will find little strong emotional 
coloring to interpersonal relations. ‘* Emotional instability’? may be considered 
as merely the reflection of an unstable equilibrium. The development of an 
unstable equilibrium is a most complex phenomenon, as yet far from understood, 
and involving heredity, conditioning, sudden environmental changes, and_ so 
forth—in fact, involving a consideration of the individual’s present situation, 
his past, his whole life experience. It is this fact that Adolf Meyer emphasized 
forty vears ago. 

Laboratory evidence of the validity of these concepts is derived from severat 
sourees. Spontaneous activity has been deseribed by Riehter® as that activity 
whieh animals exhibit when environmental stimuli are removed. He has demon- 
strated that rhythmie variations in amount of spontaneous activity exists in rats 
in relation to hunger, thirst, elimination, and the estrous cycle. Stier’ has 
demonstrated similar rhythms and has shown that the basic amounts of daily 
activity in newborn thermolabile mice varies with changes in temperature. This 
work corresponds to that done by Crozier* and others, who have demonstrated, 
with changes in temperature, changes in the rates of various specialized activities 
in poikilothermie animals such as chirping of erickets and breathing movements 
of fish. The relations of activity rate and temperature have been equated and 
shown to have properties indicating control by relatively simple chemieal 
reactions. Hoagland*® has termed such reactions ‘* pacemaker reactions,’’ and 
postulates the presence of a system of such reactions involving inorganic 
catalysts as controlling the various activity rates of organisms, 

In the higher organisms the endocrine and homeostatie-controlling mecha- 
nisms naturally serve to mask the presence of sueh basie patterns. Changes in 
activity resulting from changes in the external environment result in marked 
deviations from any basie aetivity rate. Nevertheless it is of some interest to 
postulate the presence of this basic rate. Riehter has demonstrated species dif- 
ferences in amounts of daily spontaneous activity, but has not to our knowledge 
shown that there is a racial difference. However, evidence from other sources 
indicates that basie interaction rates are inherited. One of us (W. T. V., Jr.)° 
has found that highly inbred white mice differ markedly in interaction rates 
from inbred brown mice and also that the white mice are better equipped to 
withstand diminution of oxygen tension than are the brown mice. Seott!® has 
observed differences in the mating behavior of various strains of white and brown 
mice; this also suggests hereditary differences in interaction. 

Individual variations in this basie rate within homogenous strains are 
probably the result of, first, variations in the external environment, and, second, 
past experience of conditioning, and, third, developmental changes involving 
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primarily the endocrine system. Temporary changes in interaction rate which 
are usually compensated for by the individual and which involve emotional 
reactions are a result of the first of these three, and changes in equilibrium 
which oeeur over a number of years as the individual grows and is exposed 
to new situations involve the development of interaction patterns and rates 
due to the factor of conditioning. Allee!’ has studied many mice of different 
races and has, by virtue of the racial differences in behavior reported by Scott, 
heen able to carry out controlled experiments demonstrating that variations 
in conditioning dose affect activity rates. He has placed this study on a quan- 
titative basis, and has shown that to develop, for instance, a high activity rate 
with initiative characteristics, it takes a lesser amount of a certain conditioning 
stimulus in the more dominant race of brown mice than it does with the more 
submissive white mice. Activity changes paralleling changes in endocrine 
halanee have been noted by Richter in the laboratory and are seen clinically 
during the menopause, adolescence, and most strikingly during testosterone 
therapy for eunuchoidism” and other disorders. 

All the evidence points to the presence of these four main factors affecting 
activity and interaction: heredity, development or endocrine balance, environ- 
ment, and conditioning. It is impossible to consider one without the other. 
The effects of all four blend, resulting in the most complex integration of 


stimuli and responses, the behavior of the living being. 
THE INTERACTION CHRONOGRAPH AND MEASUREMENT OF INTERACTION 


With this understanding of interaction and of the equilibrium present in 
interpersonal relations, we can proceed to describe the method for measuring 
interaction and for visualizing the equilibrium which a patient may exhibit. 
In an interview with a physician, of course, the patient may not be exhibiting 
the equilibrium which is quite characteristic of his home or business inter- 
action. This must be determined by a carefully taken history, such as has 
recently been described by Saslow and Chapple.‘’ However, since the relation 
of the physician to others is of a rather constant nature from the point of view 
of interaction, it is possible to compare the interaction of various patients with 
the doctor and derive valuable data therefrom. 

Fig. 1 illustrates the interaction of one person with another during an 
ordinary conversation. Interaction, as we have said above, is that part of a 
person’s activity which is preceded or followed by activity on the part of 
another individual. In any conversation, interaction consists of alternating 
talking and silence. Ordinarily, when one person talks, the other is silent. 
However, at times one person may interrupt the other, and both will talk at 
the same time until one of them stops; or one person may fail to respond 
when the other stops talking, and both will be silent till one or the other begins 
to speak again. In a conversation, then, we can measure the consecutive 
lengths of time each person talks and is silent, the length of time he interrupts 
the other or fails to respond, and the frequeney with which each outtalks the 
other or starts acting after a double silence. If neither person interrupts 
the other or fails to respond, we can regard them as well adjusted, since each 
is able to synchronize his interaction pattern with the other within short inter- 
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vals of time. The more interruptions and failures to respond and the longer 
they last, the poorer is the adjustment. If these durations of actions and 
silences are plotted in such a way that action is marked by an increase and 
the following silence by a decrease, we can then obtain a graphical representa- 
tion of the interaction. In Fig. 1 along the ordinate is measured the excess 
in duration of actions of the subject over duration of silences, expressed in 
seconds. Along the abscissa are plotted the interaction units, that is, the 
intervals which include one action and its successive silence. As a person 
becomes more talkative relative to his silences, the activity curve (A minus 8) 
moves up; as he is silent, it moves down. It ean be seen in Fig. 1 that the 
individual was very talkative. 

The four curves shown in the graph represent the different measures taken 
during the interaction of one individual with another. They are in the form 
of an alternating series, namely, a series in which the actions are reckoned as 
positive and the silences negative, and the series of actions and silences is 
summed cumulatively. The use of the alternating series in describing inter- 
action is based upon our basie assumption that the amount of activity and 
inactivity of an individual bears a constant relationship, that an equilibrium 
exists. If there is an excess of activity at one time during the day, there wil! 
be an increase in inactivity later in the day, maintaining a rather constant 
daily rate of activity. These variations in output of activity have been de 
seribed by Stier, Richter, and Skinner.® *'* Since the interaction situation 
requires an alternation between the action of one person and the action of 
another, some kind of balance has to be obtained in the durations of activity 
for each individual. The alternating series provides a continuous measure of 
the changes in output from individual to individual and of the adjustments 
whieh each has to make to the other. 

The first curve, marked in a solid black line, is the activity curve of the 
individual (A minus S), the duration of his actions minus duration of his 
silences summed in alternating series. In the same manner, the second curve 
represents his adjustment to the other person and is conveniently called the 
patient’s adjustment curve (U minus W). It consists of the duration of the pa 
tient’s interruptions of the doctor minus the duration of his failures to respond. 
The third curve (V minus X) is the corresponding adjustment curve for the 
doetor, the duration of his interruptions minus the duration of his failures to 
respond. The fourth curve is called the patient’s initiative curve (bar minus 
no bar) and represents a count of the frequency with which the patient, after 
interrupting, outtalks the doctor or, after a period when both are silent, initi- 
ates the activity minus those instances when the doctor outtalks the patient or 
initiates action after a silence. It measures the frequency or degree of domi- 
nance of one individual or the other. 

The apparatus used to measure interaction is called the Interaction Chron- 
ograph. It actually draws the four curves while the interview is in progress, 
so that as soon as the interview is over, the graph is immediately available. 
The machine is operated by a technician who has before her two keys, one for 
each of the persons interacting. When the patient talks, she presses his key 
and holds it down until he stops, when she releases it. When the doctor talks, 
she similarly operates his key. Through an electrical system, the appropriate 
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writing arm is activated and the curves rise and fall as the interview proceeds. 
In the illustrations the curves have been smoothed to simplify their appearance. 


In Fig. 1 we see that the activity rate of the subject is relatively high, as 


noted by the positive slope of the A minus S curve. Krom these data alone, 
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of course, it is impossible to tell whether or not this subject can maintain his 
high activity rate throughout the day. In order to maintain such an equilib- 
rium he would need to interact with people who did not possess equally high 
rates; otherwise, we would find either that he would be continually interrupt- 
ing his associates or that he or they would have to modify their natural rates 


very seriously in order to maintain an adjustment during conversations. In 
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this instance we see that satisfactory adjustment was maintained, as evidenced 
by the almost horizontal adjustment curves. The partner’s adjustment curve 
(V minus X) shows a slight downward trend. This means that he failed to 
respond more than he interrupted. The U minus W = eurve likewise has a 
slightly negative slope. Despite the high activity rate of one individual, there 
was very good adjustment during this conversation. At one point, it will be 
noted, the activity curve (A minus S) deseends; this means that the partne) 
was talking an excessive amount during that period of time. If he had been 
quiet, this would be revealed by a coneurrent fall in his adjustment curve 
(V minus X). This naturally upset the equilibrium of the first individual, who, 
as we see, is at this time a very talkative person. His rapid activity rate was 
regained soon afterwards, however, as the activity curve resumes its previous 
degree of rise. It is to be noted that the slope of the initiative eurve (@ minus 
QO) inereases at this same time; this means that though he was interrupted, 
the first person regained his dominanee and exceeded his partner in talking. 
Here then is an instance where an individual in a state of equilibrium suffers 
a slight disturbance and compensates for the disturbance by outtalking the 
other person and foreing him to modify his rate, thus ending the disturbance 


and restoring his equilibrium. 
MEDICAL APPLICATION OF THE CONCEPTS OF EQUILIBRIUM AND INTERACTION 


Even in the simplest instances of illness, the physieian will find it of utmost 
value to prescribe the type of environment most suited for an individual 
patient’s equilibrium. This will involve a consideration of the patient’s nor- 
mal rate of activity, his capacity for adjusting to others, and his need to domi- 
nate or initiate the action. Thus, in Fie. 1, if it be considered a pieture of 
that person’s daily activity instead of simply thirty minutes of it, not only 
would he need to maintain a high activity rate but he would also have to 
dominate the interaction, initiate action whenever silences occur. Tf such a 
person is placed in an environment in which he has to respond to many actions 
and is not given an opportunity to initiate action to others, his equilibrium 
will be disturbed and an emotional reaction with altered behavior will prob- 
ably be manifested. Situations such as this may be created when a patient’s 
environment is changed due to illness. Patients ill at home are commonly 
surrounded by members of their family group with whom in normal times they 
would interact only for a few hours during the day. Unless the family is a 
very well-adjusted one, the patient may be thrown out of equilibrium because 
he now has to interact with the family group throughout the day. Interper- 
sonal relations become an important consideration in the choice of a nurse or 
companion for the ill or convalescent patient; in such instances the patient 
is especially affected by any disturbance in his interpersonal relations, for he 
ean no longer regain equilibrium through the channels of interaction normally 
open to him. These facts are of especial importance in the handling of pa- 
tients who are characterized by extreme deviations in their interaction pat- 
terns, such as are most commonly seen in the psychosomatie and psychoneurotic 
disorders. In such cases the doctor should note carefully the characteristies of 
the interpersonal relations of the patient and those persons in his environment, 
for the degree to which the patient can be brought to cooperate and can be 
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made to feel emotionally stable in his interpersonal relations determines to a 
ereat extent the efficacy of treatment. 

In those eases in which there is a great emotional faetor, and indeed in 
all illnesses, the interpersonal relations of the physician himself with the pa- 
tient bears serutiny. All patients have different rates of interaction and dif. 
ferent requirements for equilibrium, and yet each physician has clear-cut needs 
himself in terms of his relations to others. The physician must adapt himself 
to all types of persons and suffer upsets of his own equilibrium in order to 
maintain that of his patients in their interpersonal relations. He must under- 
stand the character of each patient’s equilibrium and guard it against dis- 
turbance during the change in interpersonal environment necessitated by 
disease. 


DISORDERED EQUILIBRIA 


(ireat stresses in the interpersonal relations of an individual which result 
in temporary disequilibrium ean usually be compensated for by the individual 
and his equilibrium restored. If these stresses continue, however, or if the 
compensatory reaction does not restore the equilibrium, the individual may 
eradually achieve a new equilibrium which is based upon an altered system of 
interpersonal relations. The most important stresses which bring about these 
profound modifieations of the individual’s personality are the major crises of 
life: death, birth, marriage, or entrance or departure from an institutionalized 
system of relations in which the individual has made an adjustment, such as 
entrance to school, or graduation, loss of a job, moving into a new community, 
and so forth. Each of these changes involves a change in the interaction of 
the individual, an increase, a decrease, a greater or less adjustment; and the 
reaction of the individual to these crises may bring about far-reaching effects 
in the kind of equilibrium he can attain. lor these changes at the same time 
necessitate changes in the emotional adjustment of the individual through the 
operation of the autonomic nervous system, and the emotional changes may 
remain in varying degrees until a new equilibrium has been established. 

Sometimes the new equilibrium is not a normal one. We may speak of 
it as a disordered equilibrium. The individual is unable to adjust himself to 
his new environment; the emotional disturbance, at first a normal physiologic 
phenomenon, fails to terminate, and over a period of months or years an 
equilibrium is attained which may involve a distortion of the interaction pat- 
terns and a malfunctioning of the autonomie nervous system. These disordered 
equilibria can develop not only after a major crisis, but also as a result of a 
cumulative series of minor crises during the early formative years of an indi- 
vidual’s life. Some of these persons present themselves to the physician with 
symptoms referable to some function of the autonomic nervous system. Others 
consult the physician because their relation to the environment is not satis- 
factory, and still others are committed to medical care because their presence 
in society only serves to upset the equilibria of other people. Such disorders 
have been divided into three great groups, depending upon the predominating 
symptomatology, the psychotic, the psychosomatic, and the psyehoneurotie dis- 
orders. Let us consider them now in the light of our understanding of inter- 


personal relations. 
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The psychosomatic disorders include many diseases in which ‘‘emotional 
disturbances”’ or ‘psychic traumas’’ play an important role. Certain cases of 
peptic ulcer, mucous colitis, ulcerative colitis, cardiospasm, and neurocireula- 
tory asthenia fall in this group. Diseases and symptoms which often have a 
psychogenic factor include diarrhea, constipation, headache, fatigue, asthma, 
hav fever, neurodermite, Graves’ disease, rheumatoid arthritis, and perhaps 
“the common cold’? and essential hypertension. Terrmann'’ has said, ‘‘ Dis- 
turbanees of psychogenic and neurogenic origin make up at least one-third of 
all the disorders in eardiovaseular consultation work.’’ Internists in other 
fields are similarly faced with this problem of dealing with the emotional fae 
tors in disease. Emphasis in this fact is found in a recent review of the 
psychosomatic disorders by T'inesinger."° 

White, Cobb, and Jones" in their monograph on mucous colitis state that 
in no instance in their series of sixty cases was the patient the type of person 
who was able to carry on his daily aetivity independent of other people. The 
majority of patients exhibited characteristics of an ‘‘anxiety or tensional state.”’ 
It seems as if these patients had developed a disordered equilibrium which 
made them peculiarly dependent upon a certain daily interaction rate, an 
equilibrium which stands only very slight stresses before severe disturbances 
of autonomic function result. 

Vaughan'* has written of psychogenic factors in the many allergic diseases. 
Ile says, ‘‘We may look upon the extrinsic allergic excitants such as pollens, 
foods, contact allergens, and physieal agents as part of one’s environment to 
whieh the normal person adequately adjusts himself with resulting immunity 


6 


or freedom from symptoms.’’ He further states, the clinieal allergic 
response can nearly always be shown to be associated with the failure of satis- 
factory adjustment to environmental problems, even though the problem, or 
shall we say the allergenic excitant, be purely mental.’’ His cases demonstrat- 
ing psychogeni¢ precipitating factors run the gamut of the common allergic 
manifestations, urticaria, vasomotor rhinitis, angioneurotie edema, asthma, and 
migraine, 

Summarizing present knowledge of psychosomatic disorders, we see that 
many varied diseases which may be treated by the gastroenterologist, the 
cardiologist, the nose and throat man, the surgeon, or the allergist, have per- 
haps a common factor in the background, an inability of the patient to make 
a satisfactory adjustment to the external environment. The physician who is 
on the lookout for these environmental factors as etiologic agents in disease 
will quickly reeognize their presence in various eases. Often the etiology is 
obscure, and a very thorough review of the life of the patient is necessary to 
reveal their presence. Often the physician may wish that he had some method 
by which he could appraise the ‘‘emotional state’” of the patient, his relations 
with other people and how they affeet him. The interaction chronogram rep- 
resents such a tool by which a base line appraisal can be obtained. Supple- 
mented with other data, such as the very carefully taken history of ‘‘emotional 
life,’? and social service reports, the physician has very definite information 
on which to evaluate the importance of interpersonal relations in etiology 
and treatment. Below are several case histories and interaction chronograms 
of patients with disordered equilibria and concurrent disease. They suggest 
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the usefulness of the interaction ¢chronoegram 1 treating these psvehosomatic 


and psyvchoneurotie disorders. 
THE INTERACTION CHRONOGRAM IN) DIAGNOSIS AND TREATMENT 


ie. 2 illustrates a case in which the presence of environmental and emo 


tional factors as dominant etioloe@ie agents Was quickly recoonized, In con 
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trast to Fig. 1, here we see a hyperactive person, with whom the psychiatrist 
was unable to maintain good adjustment. The patient’s adjustment curve 
(U minus W) rises, meaning that she was interrupting the doctor. In turn, 
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his adjustment curve rises as he interrupts her. Finally, as the patient’s 
activity curve maintains a constant high slope, the initiative curve also. rises, 
indicating that the patient was ever dominant during the interview. Sueh a 
picture as this is decidedly abnormal and is, along with other types of dis 


ordered: equilibria, typical of the activity of these people throughout the day. 
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INTERACTION UNITS 


The individual who gives the interaction of Fig. 1 might well show a com- 





pletely different picture in a different situation. However, in most any situa- 
tion, the patient under discussion would give a picture similar to Fig. 2. She 
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is a patient whose chief complaints were of an allergic nature, migraine, 
angioneurotie edema, and chronic vasomotor rhinitis. She also had complaints 
of diarrhea, epigastric pain, palpitations, and neuralgia. The presence of 


allergens was demonstrated by skin tests. but because of the multiplicity ot 


her complaints, she was treated on the psyehiatric ward. 


TIME IN 


seconDs ae 3 
75) ANXIETY NEUROSIS 


3507 


3007 


250 


1507 


oO 
Oo 





5074 ra 
* 
ry 

0-0 _-see i 


254 es ol eed 


—— 4 INTERACTION UNITS 
., 40 80 20. ; 160 








n 
ow 


This patient had a domineering mother, an invalid father, and two mar 
riages which ended in divoree. The first marriage was prompted by a desire 
to escape from the dominance of the mother and by it the patient had a son 
who has since been committed to an institution with the diagnosis of dementia 
praecox. The patient had undergone an appendectomy and a panhysterectomy. 
Since the last divorce, she had lived alone in an apartment and practiced an 
engineering profession until entry into the hospital. Her illness was of a 
chronic nature, and her improvement was only slight during her hospital stay. 
The diagnosis was migraine, hypochondriasis, and neuralgia of undetermined 
type. 

From her earliest contacts with people this patient had undergone dis- 
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turbances to her equilibrium and emotional strain. Through many years of 
failure to achieve proper adjustment in her interpersonal relations, this pa 
tient seems to have developed an improper functioning of her autonomie nery 


ous system, manifested by her varied symptoms. 
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Mig. 3 represents a case of hysteria. The cases so far examined by the 


fe interaction chronogram technique show a very steep activity curve; this means 
that they talk almost continuously. The horizontal position of the doctor’s 
adjustment curve (V minus X) in the first half of the curve indicates that he 
was able to adjust well to the patient, but as the interview progressed, his 
adjustment curve rises steeply, illustrating that he was unable to maintain 
this satisfactory adjustment and began to interrupt the patient frequently. 
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Fig. 4 illustrates the typical interaction of a patient with an anxiety 


neurosis. In contrast to the hysteria presented before, the activity rate is in 


no way as pronounced, although in the latter part of the interview there is a 


short spurt of very high activity. The patient’s adjustment curve has a defi- 


nite negative slope for the first half of the interview, showing that until the 


latter part, there is a marked hesitaney and failure to respond when the doctor 


StOps talkine. 
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Fig. 6. 


Other psychoneuroses, such as obsessions and depressions, also present 
more or less characteristic interaction rates, and examples have been published 
elsewhere, together with instances of the several psychoses.'* ?! One psychosis 
is represented here for comparison, namely a ease of schizophrenia. Notice in 
Fig. 5 the characteristic alternations between great activity and inactivity. 
together with extremely pronounced failures to respond in the patient’s ad- 
justment curve. The doctor’s adjustment curve (V minus X) is interesting, 
since it shows the use of two different techniques in an attempt to bring about 
adjustment: waiting for the patient to start in again, and trying to adjust to 
the patient. Both had no effect. 

Probably the most important criterion in the interaction chronogram for 


differentiating normal individuals from those who are suffering from psyeho- 


venic disorders lies in their adjustment curves. Perfect adjustment is defined 
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CHAPPLE AND VAUGHAN, 
as the absence of interruptions and failures to respond. The degree of adjust 
ment can be easily determined by comparison of the number of interaction 
units free of interruptions or failures to respond with the total number in the 
Normally the proportion of free units to the total nuunber of inter 
In the individuals suffering from psychogenic disorders, 


lie. 6 shows the result of calculating this pro 


interview. 
action units is high. 
this proportion is very low, 
portion for five normal, five neurotic, and five psychotic patients. 
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Not only does the measurement of interpersonal relations through the use 
of the Interaction Chronograph seem to be a help to the physician to determine 
when he is dealing with psychosomatic, psychotic, and psychoneurotie dis- 
orders, but it also may afford him an opportunity to treat the milder cases by 
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manipulating the environment in order to help the person re-establish his 
equilibrium. <A ease in point is presented in Figs. 7 and 8. They are clinical 
records of the interaction (1) between the patient, a boy of sixteen, and an 
older sister, and (2) between the boy and the physician. This patient is the 
voungest of eight children, the oldest aged thirty-seven, the next to youngest 
heing twenty-one. Ilis mother died during his infaney, and he spent some 
childhood vears in a foster home and an orphanage. When he was ten vears 
old, he returned to live with his family, the other members of which were 
much older than he. At the time of the interview, he was living with his 
father, aged sixty, and three siblings. He was suffering from chronic fatigue 


and fainting spells, which had developed following a traumatic head injury. 





0.L.E DOCTOR 
A-S 
TIME IN 
SECONDS 
300; 
200; 
7 ar —S @-0 
100} 
| 
+| ; 
0} “, 3 NETU VTS VUE EEEES CUIE TIES 555 SITIETS TUTEUETITII VE VvSe soe omanssnnsnansnnssanar®® 206200 ta sasnsaa’????**asares U-W 
= Pe RIOR ON i i oe a aka iain AO Re Ree ta segtee rrr eecens Vn X 
10 20 30 40 50 60 70 
INTERACTION UNITS 
| 


No neurologic lesion could be demonstrated. Fig. 7 pietures his interaction 
with his sister while the two were waiting to see the doetor. Durine the 
twenty-minute observation period, he was silent the greater part of the time. ' 
He did not respond to talking on his sister’s part, as is evidenced by the nega- 
tive slope of the U minus W curve. His initiative curve also descends. The 
descent of the V minus X curve indicates that during the few times the pa- 
tient did respond to his sister, she failed to continue the conversation. Thus, 
it appears from our measurements that he has a very weak bond for inter- 
action with his sister despite the fact that she is the closest of the family to 


him in age. Social service studies indicated that his bonds with other mem- Hy 
bers of the family were no stronger. The patient was, therefore, unable to 
maintain an equilibrium at home, and since he had no outside activities, he ba 
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was unable to compensate for it elsewhere. The sister likewise is unable to 
maintain her equilibrium by interacting with her brother, but in the family 
group she has strong bonds with the older members of the family. 

In Fig. 8 the patient interacts quite normally with the doctor. In faet, 
he has positive slopes in his activity rate; this indicates that for equilibrium 
he would require a moderately high amount of interaction. The treatment for 
the patient obviously involved changing his environment so that he could build 
up relations in which the interaction was sufficient to maintain his equilibrium, 
He, himself, expressed a desire to leave home, but his father forbade it. He 
was helped to find a job away from home and when last heard from was well; 


his svmptoms had entirely disappeared, 
CONCLUSION 


The advantage to the physician of these inethods of studying human inter 
action should be clear. They provide an objective set of criteria whieh can 
he used to deal with the problems of interpersonal relations. By the use of 
such criteria in deseribing a patient’s behavior and by obtaining a careful 
history, it 1s possible to begin to tormulate interpersonal factors in a system- 
atic manner. The family doctor has long been aware of these factors by know- 
ing his families most intimately. 

The Interaction Chronograph should be of use to psychiatrists and eélin- 
icians in investigative work especially, but an adequate understanding of the 
information brought out in these studies should enable the elinician to under- 
stand more fully his patients’ personalities and to prescribe appropriate ther 
upeutie measures, even though he does not actually use the interaction chrono- 
eram. This method of studying interpersonal relations is relatively new and, 
of course, does not give an inclusive measure ot physiologic and psychologic 
‘constitutions.’ We are dealing with a most complex mechanism, and this 
method is only one approach. 

In this connection Stanley Cobb has said, ‘* Studying the ‘whole individual’ 
would have to be a sort of armchair contemplation that would lead nowhere. 
Likewise, no student ever completed a deseription of the ‘total situation’ of 
another person. It cannot be done. What one can do is this: approach the 
study of diseases recognizing that every human being is a whole individual 
and not the mere sum of his parts. That is something different, and only thus 
can one study the parts intelligently.’ That very important part of an indi 
vidual, his personality, the way he reacts with other people, can be studied 
objectively by the method which we have described. The concept of inter- 
action and the application of physiologic thought and method to the study 
of personality appears to us to provide both the physician and laboratory 
worker with a valuable tool for studying human behavior. 


The authors wish to express their appreciation for the helpful criticism given them by 
Dr. Erich Lindemann and Dr. Stanley Cobb in the preparation of this paper. 
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THE EFFECT OF SUBCUTANEOUS INJECTION OF URINE AND 
URINARY EXTRACTS FROM RHEUMATOID PATIENTS INTO RATS* 


Hans Wane, M.D., Water Baver, M.D., AND GrinvitLeE A. Bennett, M.D. 
30STON, Mass. 


HILE the etiology and pathogenesis of rheumatoid arthritis remain un- 

known, its clinical features, constituting a well-recognized disease entity, 
are more sharply defined. One of the principal characteristics of the illness is 
plurisystemie involvement. Both the clinician and the pathologist know that 
besides the articulations and related skeletal struetures, pleura and pericardium 
are at times affected. If recent observations are borne out, the endocardium 
may likewise be a site of injury in the disease. Adenopathy is frequent, and 
hepatomegaly and splenomegaly are occasional findings in rheumatoid arthritis. 
While some of the common symptoms and signs, as paraesthesias, vasomotor dis- 
turbances, diarrhea, and cachexia, may be secondary phenomena, the occurrence 
of rheumatoid nodules in the sclera, pathologically identical with those found in 
the subeutaneum at other locations, suggests a fairly typieal reaction on the part 
of several bodily systems to one or more disseminated disease agents. The 
thought that such a substance might be present in the cireulating blood stream 
and excreted in the urine of rheumatoid patients has undoubtedly motivated 
previous investigations, but we found no reports in the available literature in- 
dieating that the injection of urine or urinary extracts from such patients into 
laboratory animals had been undertaken. The following experiments were there- 
fore done, mainly in an attempt to fill the gap and with the realization that a 
negative result would be ineonelusive, both because the methods used in obtain- 
ing the injected material may alter the substance sought and the receiving animal 


may not be susceptible to its action. 
MATERIALS AND METHODS 


Twelve adult male albino rats were used. Urine was pooled from only 
rheumatoid patients with active disease as gauged by elinical evidence and 
sedimentation rate. Collection of the first morning voiding into clean g@lass 
receptacles was followed by immediate processing. A small part of the urine 
was passed through a Seitz filter into a sterile container, and 1 ¢.c. of the fresh 
material was injected into the subeutaneum of the abdomen of 3 rats 4 times a 
week. 

One half of the remaining urine (about 1500 ¢.¢.) was extraeted with 70 
per cent alcohol after adsorption with Kaolin, following a modification of the 

*From the Medical Clinic of the Massachusetts General Hospital, the Departments of 
Medicine and Pathology, Harvard Medical School, and the Massachusetts Department of Public 
Health. 

The arthritis studies in this clinic are made possible by a large grant from the Com- 
monwealth Fund, New York City. 

This is publication No. 74 of the Robert W. Lovett Memorial for the study of crippling 


disease, Harvard Medical School. 
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procedures used by Houssay and Biasotti,! and Wearn, Miller, and Heinle.2 The 
extract was evaporated under vacuum, the residual taken up in sterile saline to 
make 5 ¢.¢., and adjusted to a pI of 7.4. One ec. of this preparation, corre- 
sponding to 300 ¢.¢. of urine, was injected into 3 rats in the same way as was 
the fresh sterile urine. The remaining urine (about 1500 ¢.c.) was extracted 3 
times with chloroform in a separatory funnel. The extract was evaporated 
under vacuum and the residual taken up in sterile sesame oil to make 5 ee. One- 
half ¢.c. of this preparation, corresponding to 150 ¢.c. of fresh urine, was injected 


into 3 rats as above. 
RESULTS 


One rat receiving injections of straight urine died of lobar pneumonia after 
the thirty-first inoculation. All others tolerated treatment for four months, after 
which time they were sacrificed. The other 2 animals in the first series and those 
receiving the alcoholie extract lost weight and showed evidence of failing health, 
such as deterioration of coat, apathy, and irritability. The 8 animals treated 
with the chloroform extract in sesame oil appeared to suffer no ill effect at all. 
None of the 12 animals developed any articular lesion. Immediately upon death, 
autopsies were performed. Grossly and microscopically, the joints were normal. 
The other skeletal parts were likewise examined, as were the viscera. Such 
changes as were found in the internal organs were apparently nonspecific and 
inconstant. 


SUMMARY AND CONCLUSIONS 


1. Twelve rats were injected subeutaneously with unprocessed urine and 
aleohol and chloroform extracts of urine from patients with active rheumatoid 
arthritis. 

2. The animals tolerated the procedure well and developed no significant 
lesions. 
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ACTIVE AND PASSIVE IMMUNITY IN EXPERIMENTAL 
HEMOPHILUS PERTUSSIS INFECTION IN) MICE* 


JOHN A. Toomey, M.D., Norman Lewis, M.D., Eart Averitt, M.D., 
WaLTeR Drury, M.D... ANp Winuiam S. Takacs, B.S., CLEVELAND, OHIO 


N THE past several years we have isolated several fractions from Hemophilus 

pertussis bacilli and from the fluid in which these organisms grew. It became 
necessary to test the efficacy of these fractions as active immunizing agents and 
to investigate their ability to produce specific antibodies. Before anything could 
be done, however, we had to have a test, a standard, an accurate measure of pro- 
tection, which could be repeated and demonstrated at will under similar eir- 
cumstances. 

Our first problem then was to see if we could consistently produce the ex- 
perimental disease. Only after this was done would it be expedient to try and 
demonstrate immunity. 

At the time these experiments were performed, there were three methods 
in use to produce experimental pertussis, those of Silverthorne,’ Bradford. and 
Lawson.* 


METHODS OF INFECTING MICE 


1. Silverthorne’s Method.—Silverthorne incubated phase [I organisms for 
48 hours, seraped the growth, suspended it in saline, and standardized the solu- 
tion at 48 billion organisms per ¢.e. by bacterial count. We will refer to phase 
A, the disease-producing state of the organism's existence, as distinguished 
from phase B, the nondisease-producing state. This would correspond to 
phases I and IV of Leslie and Gardner, respectively. It is impossible, in our 
opinion, to distinguish accurately phases other than these two.4 The organism 
suspension was then added to 5 per cent swine gastrie mucin, prepared according 
to the method of Mishulow, Klein, Liss, and Liefer’ in a 1:10 saline dilution and 
injected intraperitoneally into mice. The mucin was designated as $1701-W and 
obtained from Wilson & Co. 

Results — All of the Swiss mice (100 per cent) injected with the organism- 
muein suspension died within 48 hours, while 4 or 26.6 per cent of the controls 
died. Thus, all the positive controls died. The number of deaths that occurred 
in the negative control group was not so high that adjustments could not have 
been made for this error. 

This method has the disadvantage of introducing an abnormal variant, i.e., 
the mucin; it also has the disadvantage that the injection is made intraperi- 
toneally, an unnatural portal of entry (Experiment I, Table I). 

2. Bradford’s Method.—A long incision is made over the ventral surface 


_ *From the Division of Contagious Diseases, City Hospital, and the Department of Pedi- 
atrics, Western Reserve University. 
Aided in part by a contribution received from Paul Jerome Singer, Cleveland, Ohio 
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of the neck, the muscles are retracted, the trachea is pulled into view with a bent 
probe, and 0.05 ¢.c. of organisms standardized at 10 billion organisms/1 ¢.e. 
injected between rings directly into the lumen of the trachea. The edges of 
the skin are then approximated and held in plaee by eollodion. 

Phase A 7. pertussis organisms were grown on Bordet-Gengou media for 
72 hours and seraped off into 0.85 per cent saline solution. Thirty Swiss mice 
were injected with 0.05 ¢.c. of the organism suspension. Eleven control animals 
were given 0.05 ¢.c. of saline. 

Results.—Only 83.8 per cent of the infeeted animals died (Experiment IT, 
Table 1). Although Bradford’s is a good method, its disadvantage is that an 
operation has to be performed and an anesthetic given in order to introduce 
the organisms. 

3. Lawson’s Method.—This worker anesthetized his animals, held them up- 
right, pulled the tongue forward, occluded the nostrils by pinching to insure 
aspiration, and injected 0.05 ¢.c. of a standardized suspension of organisms by 
syringe through a J-shaped needle over the posterior portion of the tongue. 

Phase A HH, pertussis organisms were grown on Bordet-Gengou media for 
72 hours, scraped off, emulsified in normal saline, and standardized by bacterial 
count to 1 billion organisms /0.05 ¢.c. dose. Eighty Swiss mice were used, 50 
of which were injected. 


TABLE I 
RESULT RESULT 
EXPERI- NUMBER PER NUMBER a ; PER- 
cee _ INJECTION DIED | INJECTION DIED 

MENT ANIMALS CENTAGE ANIMALS CENTAGE 

I 30 Silverthorne 30 100 15 Mucin j 2626 

IT 30 Bradford 95 83.3 1] Saline 3 27 

III 50 Lawson 15 90) 30 Saline ) 10 

IV 50 Lawson 19 QS 30 Saline 1 0314 


Results—There was a definite response. Ninety per cent of the injected 
animals died, and only 10 per cent of the controls (Experiment IIT, Table I). 

The anesthesia caused some deaths. Since the procedure of insufflation was 
painless, anesthesia was not emploved subsequently. 

We next tried to determine whether there was any difference in reaction be- 
tween Swiss and white mice. 

Eighty white mice were used, 50 of which were injected, 30 being controls. 
The results were conclusive. Ninety-eight per cent of the injected and 8 per eent 
of the controls died (Experiment IV, Table 1). 

Conclusion.—Sinee a high mortality rate consistently followed, since the 
rates of death following the use of this were as high if not higher than with 
other methods, since the way in which the disease was produced was a natural 
one, since there were fewer variabilities to consider, since there was no pain and 
since anesthetics could be avoided, it was decided to use Lawson’s technique with 
the modification mentioned, i.e., without the anesthetizing process. Since, also, 
there was but little difference between Swiss and white mice, the latter were 
used exclusively in the subsequent experiments. 


ACTIVE AND PASSIVE PROTECTION EXPERIMENTS 


One infers from reading the literature that phase A (phase I) vaeeine is 
an efficient active immunizing agent against the homologous phase organism. 
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It was fundamental for us to know whether we could actively immunize mice, 
since if this were possible, the immunizing value of other fraction antigens could 
be compared with it. 


Experiment V Active Immunity. 
METHODS AND MATERIAL 


Both phase A (lvophiled organisms 5) and phase B (#778) //. pertussis were 
evrown for 72 hours, the former on Bordet-Gengou blood agar media and the 
latter on brain veal agar. The organisms were suspended in 1:10,000 merthiolate 
solution and standardized at 10 billion/e.e. by bacterial count. The vaccine 
stood for 8 to 12 days, after which it was tested for sterility. It was necessary 
to add 0.2 per cent formalin to the phase A bacteria, since the organisms were 
still alive. Subsequent recultures were sterile. The mice to be actively im- 
munized were injected subcutaneously at weekly intervals with doses of 0.2 ¢.c., 
0.2 ¢.¢., 0.3 @.¢e., and 0.5 ¢.e. vaccine, a total of 1.2 ¢.e. There were 10 groups 
of animals in this experiment. 

Group I was composed of 66 mice which were immunized with phase A or- 
ganisms in the usual way. Only 27 animals withstood the immunization process. 

Group IT, 58 animals, was immunized with a vaccine standardized at 1 bil- 
lion phase A organisms per ¢.c, in the same dosage as Group IT; 45 survived the 
immunization process. 

Group ITT, 63 animals, was injected with a phase B vaecine standardized at 
10 billion B organisms /¢.c.; 47 animals survived. 

Group IV, Phase A organisms were standardized at 10 billion organisms /¢.c¢., 
and washed with sterile distilled water 5 or 6 times until clear. The washings 
were concentrated to 75 per cent of the original volume in the lyophile appara- 
tus and preservative was added. Sixty-one animals were immunized with the 
usual 5 weekly doses. Despite the number of times centrifuged, at least 1 bil- 
lion organisms/e¢.c. were still present by actual bacterial count. Forty-six ani- 
mals survived the immunizing procedure. 

Group V, 64 animals, was injected with the washed organisms which re- 
mained from Group IV. The organisms were standardized at 10 billion/e.c. and 
the usual amounts injected. Thirty-six animals survived. 

Group VI, 67 animals, was immunized with washings of phase A organisms 
processed in a Sharples high-speed centrifuge machine; 26 survived. 

Group VII: We have been able to isolate the fraction causing agglutina- 
tion and to obtain it in powdered form. It was used as an antigen in the same 
amounts as other antigens used in this work. 

Group VIII: Ageglutinin antibody serum was produced in rats by injecting 
the pure powdered agglutinin. The serum was used as a passive principle in the 
usual protective type of experiment. 

Group XI: Fifty animals were used as positive controls receiving virulent 
organisms without previous protection. 

Group XII: Five animals received only saline and were used as negative 
controls. 

All the animals in each group received 0.1 ¢.¢. of phase A organisms stand- 
ardized at 1.5 billion/0.1 e@.e. 
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Results —Our results were obvious. None of the immunization procedures 
employed established any striking protection. This was surprising since we had 
felt that phase A organisms would give us some protection. We did not expect 
phase B organism vaccines to protect, since they had never protected before in 
any of our previous experiments except against their homologous strains. 

If our conception of initial sensitization is correct, then the reaction with 
the agglutinin fraction was as expected.’ There would be an accelerated produe- 
tion of the disease and the animal would die more quickly than comparable 
controls. This is what happened. 

Experiment VI Active Immunity.—Beeause the phase A organism used did 
not establish protection bevond that which followed other types of antigens used, 
it was decided to repeat the experiment using a different and more highly viru- 
lent organism. 

In the last experiment during the time interval between immunization and 
injection, the organisms might have lost some of their phase A characteristies 
and be proceeding toward the phase B stage. The organisms were kept in the 
virulent state by lvophiling them.* This procedure did not modify the viru- 
lence of JT. pe rtussis, for after processing, D0 of the 50 mice were killed in 72 
hours by the standardized dose. The organism was again tested for virulence 
a few months later, and it still caused a 100 per cent mortality rate. 


METHODS AND MATERIALS 


The antigens used were phase A organisms standardized at 10 billion/e.e., 
phase A organisms standardized at 1 billion /¢.e., washings from phase A organ- 
isms, the washed organisms and again the agelutinin material, together with 
negative and positive controls. 

The dosage and the methods used were the same as in the previous experi- 
ment. 

Results —The results were clear-cut. The negative controls all lived; the 
positive controls all died. Again there was but little protection brought about 
by vaccination with 10 billion phase A organisms ¢.¢.; again it was demon- 
strated that the agglutinin antigen actually hastened the death of the animals 
(Experiment VI, Table IT) : 

Experiment VIT Active and Passive Immunity.—These two previous expert- 
ments, although clear-cut, were at variance with our ideas of what should happen 
when phase A organisms were used as the antigen in mouse protection tests. 
Accordingly, we repeated the experiments, using a new strain. We did not 
use the Group IV antigen (antigen washings obtained from washed organisms), 
but we did try to demonstrate the protective effect of hyperimmune serum’ 
(Group IX). This serum was obtained from an individual who had been in- 
jected subcutaneously with 2 ¢.¢. of Sauer’s vaccine twice a month, from June 
to November ot 1940. 

For a third time, our conclusions were the same as before. Phase A antigen 
did not protect. The hyperimmune serum gave protection, since only 30.6 
per cent of the animals died as compared to &5.7 per cent of those protected 
with phase A vaccine and 100 per cent of the positive controls. 

Experiment VIIT Active and Passive Immunity.—The three experiments 
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previously deseribed did not show that phase A organisms actively immunized 
mice so well as has been reported. It was thought wise to do the active im- 
munizing experiments again with larger numbers of animals and to compare 
the results with those obtained by protecting with hyperimmune serum (Group 
IX, Table IT), with serum obtained from patients at the height of their disease 
(Group XIV), with serum obtained from the same patients later during their 
convalescence (Group XV), and with commercial antipertussis serums (Groups 
X and XI). 

There is little mention in the literature of what happens when mice are being 
immunized with the phase I organism. Our experience has been that nearly 
20 per cent or more of the animals die during this process. In the present ex- 
periment, we began to immunize 300 animals with phase A vaccine; only 142 
survived. 

Results—The results from active immunization of this group of 142 mice 
were the same as with the three previous experiments when the animals were 
tested with a virulent dose of pertussis. 

There were a lesser number of deaths following the use of human con- 
valescent serum as a passive principle as compared to that number which fol- 
lowed the use of serum obtained from patients still in the incubation period 
(61 per cent and 75 per cent, respectively). One might say that there was a 
definite trend in the right direction, but perhaps the protection factor had not 
had time to maturate and the serum was obtained too early. 

One of the commercial antitoxins was in horse serum and gave but little 
passive protection. The commercial rabbit antipertussis serum showed definite 
evidence of protection. Hyperimmune serum again showed some protection, 
only 42 per cent of these animals dying as compared with 99 per cent of the 
controls. 

Experiment I[X.—The rabbit serum which was used in the above experi- 
ment was again tried in an isolated passive protection experiment. Only 39 of 
90 such animals or 43.3 per cent died. This confirmed our previous results. 


COMMENT 


One is at a loss to understand why so little protection was obtained with 
phase A vaccine. It was not due to a paucity of animals. It might be said 
that we had more than a minimum lethal dose. Even were this true, there should 
have been a trend towards protection, a trend which at no time was obvious, 
except as indicated. 


CONCLUSION 


1. Under the conditions of these experiments, using Lawson’s method to 
produce the disease, freshly isolated phase A JT. pertussis organisms gave but 
slight protection to white mice when an attempt was made to immunize them 
actively with those organisms. The mortality rate was 80.6 per cent as com- 
pared with 99 per cent in the controls. 


2. Under the conditions of these experiments, antigens obtained from wash- 
ings of the organisms, the washed organisms themselves, phase B organisms, and 
the lesser dilutions of phase A organisms, gave no protection in white mice when 
used in an attempt to produce active immunity. 
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3. Only slight passive protection was conferred by convalescent human 
serum; a slight degree of protection was given by one commercial horse anti- 
serum, since only 71.8 per cent of the animals died as compared with 97 per cent 
of the controls. Better protection was given by another antipertussis serum 
(rabbit) with a mortality of 44.2 per cent; the best protection, however, was 
obtained when we used human hyperimmune serum (30.6 per cent mortality 
rate). 

4. Neither the pertussis agglutinin fraction nor the agglutinin fraction anti- 
serum protected white mice. In fact, these materials accelerated the death of 
these animals; this is possible evidence that a phase of the disease is one of 
sensitivity. 
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ANEURYSMS OF THE VERTEBRAL ARTERIES; A CONSIDERATION 
OF THEIR ETLOLOGY* 


R. H. Rigpox, BwS., M.D... aNp Cuester ALLEN, Jr., BAS., Mempuis, TENN. 


HE frequeney of intracranial aneurysms is indicated by the following ob- 

servations: Fearnsides' found 44 cases in a group of 5,452 autopsies; Osler? 
observed 12 in 800 autopsies; Pitt? found 19 in approximately 9,000 autopsies ; 
and Conway* found 48 eases of undoubted cerebral aneurysms among 6,325 see- 
tions. The vessels in the intracranial cavity have more aneurysms upon them than 
any other group of arteries of corresponding size in the body. The thinness of 
the wall of these arteries and the absence of supporting tissue may be faetors in 
the frequent development of these lesions. 

Bradford,‘ in discussing the frequeney of aneurysms on the cerebral vessels, 
says: ‘‘One cannot help thinking sometimes that the incidence of aneurysms 
of the cerebral vessels must be linked to the difference in the physiology of the 
cerebral circulation as compared with such a circulation as that of the viscera. 
The cerebral arteries are engorged passively whenever the tension rises in the 
systemic vessels . . . they are passively distended as the result of the inmereased 
aortic pressure which is transmitted to them through the column of blood.”’ 

The distribution of aneurysms upon the different intracranial arteries is 
significant in considering the etiology of the process. MeDonald and Korb° 
assembled from the literature 1,125 eases of intracranial aneurysms published be- 
tween 1761 and 19388. The largest number of aneurysms in this group oceurs 
upon the cerebral arteries; the second most frequent site is upon the internal 
carotids. The smallest number of aneurysms is associated with the vertebral 
arteries. 

Arteriosclerosis according to Dial and Maurer® undoubtedly plays the major 
role in the formation of intracranial aneurvsms. Seven of their thirteen cases 
are considered to be associated with arteriosclerosis. The observation of Me- 
Donald and Korb’ that ‘‘in 49.5 per cent of the 572 cases in which the vessels 
were deseribed there were sclerotic arteries’? may indicate the role of arterio- 
sclerosis in the formation of these aneurysms. Keegan and Bennett’ express 
the opinion, however, that arteriosclerosis is rarely the cause of cerebral aneu- 
rvsms. Lebert,® as early as 1866, says, “‘Calcifying atheroma is rarely found in 
cases of cerebral aneurysm and is not an important cause of their formation.’’ 
Hoffman’ in 1894 likewise concluded from a study of 78 cases that atheroma 
was not a common eause in the formation of aneurysms; however, atheroma and 
a heightened blood pressure were important factors in the causation of rupture. 
In a large group of cases of intracranial aneurysms Parker’? could find no evi- 


dence of arteriosclerosis anywhere in the body. 


*From the Department of Pathology, University of Tennessee. 
Received for publication, June 14, 1943. 
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Syphilis apparently plays an insignificant role in the etiology of intra- 
cranial aneurysms. Sands! says that ‘it is remarkable that syphilis does not 
play any part in the formation of cerebral aneurysms.’? Symonds'? is of a 
similar opinion and says, ‘‘Contrary to former belief, it [syphilis] has been 
shown to be a rare cause of intracranial aneurysms.’’ Turnbull’s!® observations 
on syphilitic arteritis are important. ‘‘When the smaller museular and elastic 
arteries are the seat of syphilitic inflammation endarteritis is usually a marked 
feature, the lumen becoming almost obliterated. It is clear that in such a eon- 
dition aneurysmal dilatation is excluded. In some cases of intense inflammation 
with necrosis the adventitia and media become greatly weakened before the in- 
tima has greatly thickened; in such eases aneurysmal dilatation might oceur but 
in my experience such intense inflammation has led to rupture of false aneu- 
rysm and not to the true aneurysm.’’ It does seem that these aneurysms 
would be observed more often if they should follow arteritis, since syphilitie and 
tuberculous infections are so frequent in the cranial cavity, and usually the blood 
vessels are involved in the inflammatory process. MeDonald and Kerb® found 
evidence of syphilis in the cerebral blood vessels in 32 out of 868 cases of aneu- 
rvsms which they collected from the literature. 

Systemic infections and vegetative endocarditis with septic emboli may pro- 
duce some of the aneurysms that occur in the cranial cavity. Fearnsides! had 
13 cases that resulted from an acute infectious process in a group ot 44 intra- 
eranial aneurysms. MeDonald and Korb’ found the pathologie lesions to be 
embole in 62 out of a group of 368 cases of intracranial aneurysms whieh they 
collected from the literature. 

Many intracranial aneurysms oceur in individuals that show no elinical 
signs of either vascular or cardiae diseases; neither do they show any signs of 
any causal agent as being responsible for the aneurysms. In such cases Conway* 
says, ‘‘I must consider that these aneurysms are of congenital origin.’’ Dial 
and Maurer® found it difficult to evaluate the role which anomalies and congen- 
ital aneurysms play in the formation of intracranial aneurysms. Some investi- 
gators consider that congenital defects are significant in the frequent develop- 
ment of these aneurysms. Forbus't has shown very nicely that the media in 
the wall of the cerebral arteries may fail to unite in the acute angle formed at 
a bifureation. This defeet may not always lead to the development of an 
aneurysm; however, its presence predisposes to the development of an aneurysm 
at this site. Turnbull'* concluded that diffuse dilatation due to medial degenera- 
tion ‘‘is frequently found in the muscular arteries including the cerebral.’’ 

It is certainly difficult to evaluate the role that trauma may play in the 
etiology of intracranial aneurysms.® Aver'® has suggested that an intracranial 
aneurysm ean be a sequel to a head injury in cases in which the membranes are 
torn. In the process of healing these membranes form adhesions with the peri- 
arterial tissues and torsion results in the vessels. These serve to form pouches, 
and in this way the wall of the vessels becomes weaker. Turnbull'’* and Fearn- 
sides,t however, do not consider trauma to play any role in the formation of 
intracranial aneurysms. Parker’? does not think that trauma is usually a cause 
of these aneurysms, although it may provoke rupture of the distended sac. 

In considering the etiology of intracranial aneurysms it seems important 
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to study separately the aneurysms associated with the different arteries or groups 
of intracranial arteries and to consider the location of the aneurysms with regard 
to bifureations and branches. In a review of the literature it would seem that 
the data are conclusive on the development of aneurysms at the points of 
bifurcation. It is likewise obvious that a mycotic aneurysm may develop either 
as a result of a localized area of arteritis or as secondary to an infected em- 
bolus. 

Only 68 aneurysms have been reported as occurring on the vertebral ar- 
teries before 19382 Since this time, two additional cases have been reported 
by Bassae.'* In the excellent review by McDonald and Korb® they found that 
the right vertebral artery was the site of the aneurysm in 23, and the left in 36 
cases, While both vertebral arteries were involved in two eases. The involved 
artery was not given in seven of the cases. These aneurysms occurred in 40 
males and in 22 females; the sex was not recorded in 6 cases. The age distribu- 
tion is very significant in considering the etiology of vertebral aneurysms. The 
following is the age at which they were found in a series of cases reported by 
MeDonald and Korb’: 


0- 9 vears 2 cases 20-09 vears 10 ceases 
10-19 vears 3 Cases 60-69 years 9 cases 
20-29 vears 2 eases 70-79 vears 3 cases 
30-39 vears 7 eases SO- vear's ) cases 
40-49 vears 11 cases Age not recorded 21 cases 


These data show that 44.7 per cent of the vertebral aneurysms occur be- 
tween the ages of 40 and 60 vears, 78.7 per cent between 30 and S80 vears of age. 
Of the 68 cases of vertebral aneurysms reported by MeDonald and Korb,’ 44 had 
ruptured, while 17 were unruptured; these data were not given in 7 of the 
cases. Insufficient data are given on the aneurysms oceurring in the vounger 
age group to indicate their possible etiology. 

The following two eases have been observed by us and illustrate some of 


the factors to be considered in the etiology ot vertebral aneurysms, 


CasE 1.—A. R., a colored male 49 years of age, was in coma when brought to the 
hospital. <A relative said that she was awakened at 2:30 a.m. by the patient ‘‘velling.’’ He 
was unable to speak at this time. The patient’s neck was stiff, the pupils were fixed and did 
not react to light when admitted twelve hours later. The right pupil was larger than the left. 
The discs were pale, and numerous small hemorrhages were present. Kernig’s and Brudzinski’s 
signs were questionably positive. The abdominal and patellar reflexes were absent. The 
spinal fluid pressure was 240 mm. of water, and the fluid was bloody. The Queckenstedt test 
was normal. The spinal fluid chloride was 760 mg. per 100 ¢.c., and the sugar, 30 mg. per 
100 e.c. The blood pressure was 170/110, the temperature was 100.4° F., the pulse was 100, 
and the respirations were 40. The Kahn reaction on the blood was negative, although the 
Wassermann reaction on the spinal fluid was positive. 

Apparently the patient could neither understand the spoken word nor speak during the 
time he remained in the hospital. His condition improved shortly after hospitalization, and 
he did recognize members of his family. He again became comatose and gradually grew 
weaker until his death on the tenth day following admission. The temperature during hos 
pitalization varied between 99 and 104° F. 


During the past three years the patient has had ‘‘kidney trouble,’’ the characteristics 
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of which are not given. Seven months before death he ‘* fell out.’’ There is no history 


relative to this episode. 
Pathologic Examination.—Only the pertinent findings are recorded. 


The autopsy was 
done one hour following death. 


There was considerable blood in the subarachnoid space, espe 
cially over the occipital and parietal lobes. In the area of the medulla the blood was clotted 
and appeared older than that in the other portions of the brain. 1f blood 
Was present in the tip of the lateral ventricles. In serial sections through the brain several 
small infarets were found, one of which was a recent lesion. 


A small amount 


The source of the subarachnoid 
hemorrhage was an aneurysm located on the lateral portion of the right vertebral artery 
approximately 2 mm. proximal to the basilar artery (Fig. 1 This aneurysm measures 1.5 


em, in diameter and was partially filled with a thrombus. The wall was thin and at one point 


it had ruptured. Old blood was present in the tissues around the pons and the medulla. 

There was considerable atherosclerosis in the left vertebral artery and in the basilar; 
however, there was only a minimal amount of sclerosis in the right vertebral artery. Histologic 
sections from the aneurysms and the adjacent arteries were stained with hematoxylin and 
eosin and with Verhoeff-Van Gieson’s elastic tissue. 


BASILAR ARTERY 





he 
VERTEBRAL ARTERIES 


Fig. 1.—A diagrammatic sketch of the aneurysm in Case 1. 


The intima, the internal elastic lamella, and the media were continuous from the wall of 
the right vertebral artery into the adjacent portion of the aneurysm. The intima became 
thicker, the internal elastic lamella soon completely disappeared, and the media rapidly 
decreased in the wall of the aneurysm. Only a small amount of adventitia was present in the 


wall of the sac. Many mononuclear cells infiltrated the tissues about the aneurysm. 


The intima of the right vertebral artery was thickened in the area of the aneurysm. 
There was some atherosclerosis in the vessel, although there was no evidence of an inflammatory 
reaction. The internal elastic lamella was fragmented and in some areas it was absent in the 
wall of the right vertebral artery just opposite the orifice of the aneurysm (Fig. 2). 

The wall of the basilar artery in the area proximal to the union of the vertebral arteries 
showed many variations in the proportion of the intima to the media and to the adventitia. 
At one point the internal elastic lamella was absent and the media was hypertrophied, while 
in another area the media was completely absent and the wall was formed primarily by intima 
and only a thin layer of adventitia (Fig. 3). 
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The prostate was slightly enlarged. The wall of the urinary bladder was hypertrophied. 
There was some cystitis and pyelonephritis present. 

Anatomic Diagnosis—There were multiple defects in wall of right vertebral and basilar 
arteries. Aneurysm of the right vertebral artery with perforation, subarachnoid hemorrhage, 
clotted blood in lateral ventricles, bronchopneumonia, eeneralized arteriosclerosis, infarets in 
brain, old and recent, benign prostatic hypertrophy, and acute and chronie cystitis and pyelo- 
uephritis were also present. 





Fig. 2.—A, The internal elastic lamella is fragmented and in some areas it is absent. 
This section is from the right vertebral artery opposite the orifice of the aneurysm. Verhoeff- 
Van Gieson’s stain. x96. B, Normal portion of the wall of the right vertebral artery. Ver- 
hoeff-Van Gieson’s stain. X96. 


CasE 2.*—M. R., a 42-vear-old white male, had a sudden attack of weakness in both legs 
while driving his automobile. A severe pain located in the base of his skull accompanied the 

*This autopsy was done in 1934 while one of us was at Duke University. 
Dr. W. D. Forbus, Professor of Pathology, Duke University, 
paper. 


I wish to thank 
for permission to use it in this 
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onset of this weakness, The patient stated that it seemed as if his heels were coming up to 
meet the back of his head. Symptomatic relief was given for five days, during which time 
there was an intense, throbbing, occipital headache. 

On admission to the hospital, five days following the onset, the neck was stiff and there 
was a bilateral positive Kernig. The blood pressure was 150/110. The spinal fluid was under 
un increased pressure and was uniformly bloody. The amount of blood in the spinal fluid 
decreased during the following three days. At this time he was seized with a sudden violent 
pain in the head and neck and quickly went into shock. Fresh blood occurred in the spinal 
fluid. During the following month, there were several occasions in which fresh bleeding o¢ 
curred, into the spinal fluid. The final attack was characterized by a violent convulsion, where 
upon the patient went into shock and then died. 

The patient had a high fever at intervals during hospitalization. There was persistent 
mental disturbance. The Wassermann reaction was negative on both the blood and the spinal 
fluid. 





Fig. 3.—Section of the basilar artery showing a variation in the relationship of the 
intima to the media and adventitia. The internal elastic lamella is absent in some areas. 
Verhoeff-Van Gieson’s stain. 48. 


Pathologic Examination.—The autopsy was done approximately eighteen hours after 
death. There was a large amount of blood about the base of the brain especially in the area 
of the pons and the medulla. The blood was fresh in some areas while in others it was old. 
The source of this hemorrhage was an aneurysm on the left vertebral artery. It measured 
1.6 em. in diameter and was located just opposite the point of union of the two vertebral 
arteries. The aneurysm was saccular and was filled with a thrombus. At one point in the 
wall there was a fresh thrombus; apparently this was the site of perforation. The vertebral 
artery was dilated near its union with the left. The basilar was also dilated and was distorted 
from its normal position. The histologic sections from the aneurysm and the adjacent blood 
vessels were not satisfactory for study. The extensive sclerosis made the vessels unsuitable for 
sectioning. Mononuclear cells with pigment and red blood cells were present in the wall of 
the aneurysm and in the surrounding tissues. This reaction apparently was secondary to the 
rupture. The arteries throughout the body showed considerable atherosclerosis. There was 
no pathologie change in any of the vessels that suggested syphilis. There was a eyst in the 
left kidney that measured 1.5 ecm. in diameter. 

Anatomic Diagnosis.—Generalized arteriosclerosis, aneurysm of the left vertebral artery 
with rupture, subarachnoid hemorrhage, obstruction of foramen of Luschka on right and left, 
hydrocephalus, clotted blood in all ventricles, cyst in left kidney were present. 


DISCUSSION 


The pathologie findings in these cases apparently are typical of those re- 
ported by others. In Case 1 the amount of arteriosclerosis is that which one 
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may find in the cerebral vessels at the age of fifty years. The location of the 
aneurysm is opposite the point of union of the two vertebrals, and it is not 
in the angle formed by a branch leaving the vertebral artery. It is suggested 
that defects in the wall of the right vertebral artery at the site of the aneurysm 
similar to those in the opposite wall of the vertebral artery and in the basilar 
artery may have been the bases for the development of this aneurysm. Since 
syphilis is such a common infection in the Negro in this section of the country, 
one has to be careful in considering its role in pathologie processes. There is 
no pathologic evidence of syphilis in Case 1. Since the spinal fluid contained 
blood, one must be careful in interpreting the Wassermann reaction in this ease. 

The arteriosclerotie process is most extensive in Case 2. Such a lesion, 
however, may be found in the cerebral vessels even at 42 vears of age. The ab- 
normal size and position of the vertebrals and the basilar artery as observed in 
this man oceur frequently in the cases of aneurysms reported in the literature. 
Morrow’s case" is one of a fusiform aneurysm, 2.5 » 3.0 em., located on the right 
vertebral artery. The basilar artery is dilated in Wells’! case. One of the 
two cases reported by Bassae'™ also has multiple aneurysms on the basilar ar- 
tery. Both vertebral arteries are the site of aneurysms in Ruston and South- 
land’s case.*”) It may be concluded, therefore, that abnormalities of the basilar 
and vertebral arteries are frequent. Parker'® says ‘‘congenital weakness of the 
wall of a cerebral artery with the formation of aneurysm may be associated with 
congenital anomaly elsewhere in the vascular system.’> We have not observed 
such a relationship, however, in our cases. 

The presence of arteriosclerosis in the vertebral, the basilar, and the cerebral 
arteries must be considered very carefully before coneluding that it is the 
etiology of the saccular aneurysms that occur on these vessels. Furthermore, 
it is difficult for us to conceive of only 70 cases of aneurysms having been re- 
ported on the vertebral arteries if an atheromatous process is a significant 
factor in their development. If sclerosis is important in the etiology of saccular 
aneurysms, similar lesions should oceur on other vessels, such as the coronary. 
Observations on coronary aneurysms have been made recently by one of us.*! 

Statisties show that aneurysms on the vertebral arteries occur more often 
after 30 vears of age. It is significant, however, in considering the etiology of 
such aneurysms to know that similar lesions have occurred in younger indi- 
viduals. The case reported by Dial and Maurer® occurred in a child two years 
of age. It is almost identical macroscopically with the two cases reported in 
this paper. This baby received a fracture of the skull in an automobile accident 
‘‘with apparent recovery after five days,’’ and two days later there was an on- 
set of convulsions, dyspnea, and cyanosis. Death occurred thirty-six days after 
the accident, from the rupture of an aneurysm on the right vertebral artery. 
The authors say ‘‘the youth of the patient, 2 vears, and the fact that the micro- 
scopic appearance of the aneurysm suggests a malformation of the vessels are 
factors pointing to a congenital lesion. The question as to etiology on a trau- 
matic or congenital basis eannot be decided absolutely.’’ Fearnsides' in a large 
series of intracranial aneurysms could find no relationship between trauma and 


the development of the aneurysm. 
The aneurysm reported by Duguid** in a boy 17 years of age, occurring 
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at the junction of the left vertebral artery with the basilar, is important in con- 
sidering the etiology of aneurysms. The intimal coat of the vertebral artery was 
thickened at the site of the aneurysm. The internal elastic lamella was split 
and the media was absent. The author coneluded that ‘‘the case seems to illus- 
trate a point which, although not uncommon in aneurysms of the vertebral ves- 
sels, is not often noted; namely, that aneurysms may be formed by a pouching 
of a fibroid intima through a deficient or severed media.”’ 

Congenital defects in the wall of the cerebral arteries have been observed 
by Busse?* and Emrich.2* These defeets were studied especially in the anterior 
cerebral arteries and gave rise to the so-called ** Dehnungsaneurysmen.’’ Morpho- 
logie variations of a gross character are extremely common in the arteries form- 
ing the circle of Willis. Minor changes in the elastie layers of the media of the 
arteries are also common in the arteries forming the cirele of Willis. Minor 
changes in the elastic layers of the media of the arteries are also common in the 
cerebral arteries of persons who show no gross aneurysmal dilatations.! 





Fig. 4.—The internal elastic lamella is split and it is absent in some portions of the 
basilar artery. There is a macroscopic malformation in this artery. Verhoeff-Van Gieson’s 
stain. x96. 

Intracranial aneurysms are frequently explained on the bases of congenital 
defects; however, from a review of the literature, such defects are infrequently 
considered as the etiologic agent in the formation of aneurysm on the vertebral 
arteries. Of the intracranial aneurysms collected by MeDonald and Korb® 32.7 
per cent are referred to as congenital in origin; however, only three of the 65 
aneurysms occurring on the vertebral arteries are considered as congenital. In 
two of these three cases, however, the authors questioned the possibility of a 
congenital basis for the aneurysms. 

After a review of the seventy cases of aneurysms occurring on the vertebral 
arteries and the two additional cases reported in this paper, it is suggested that 
these aneurysms more frequently have their origin in congenital defects that 
are present in the wall of the arteries. 

The vertebral and basilar arteries were studied in a group of eight cases to 
determine the presence or the absence of malformations and histologic defects 
in the vessel walls. Six of these were from adults and two from newborn infants. 
A malformation occurred in only one of these and that was in an adult. In this 
specimen the basilar artery was divided into two vascular channels for a dis- 
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tance of 1 em. between the points of union of the vertebrals and the circle of 
Willis. Histologically there was a variation in the thickness of the different por- 
tions of the wall, and in some areas the internal elastic lamella was completely 
absent (Fig. 4). There were neither macroscopic nor microscopic changes ob- 
served in the remaining seven specimens. Macroscopic variations in the size, 
position, and the relationship of the vertebrals and basilar arteries have been 
frequently observed; however, it seems that histologie studies have been made 


upon these vessels very infrequently. 
SUMMARY 


The etiology of the aneurysms oecurring on the vertebral arteries is dis- 
cussed. It is suggested that congenital defects occurring in the wall of these 
arteries play a significant role in the formation of saccular aneurysms. Aneu- 
rysms may develop as a result of other processes; however, vascular defects must 
be considered even in those individuals who have either syphilis or arterio- 
sclerosis. 

A total of seventy eases of aneurysms occurring on the vertebra! arteries 
have been previously reported. Two additional eases are added to the literature. 


It is obvious, therefore, that aneurysms are infrequent on the vertebral arteries. 
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RESISTANCE OF THE MELBOURNE STRAIN OF INFLUENZA VIRUS 
TO DESICCATION* 


» 


ERNESTINE R. Parker, A.B., Woucorr B. DUNHAM, M.D.. AND 
Warp J. Mac Nreau, M.D., New York, N. Y. 


Hit ability of disease germs to survive in a potent state entirely apart trom 

their living animal hosts is a property quite variable for different kinds of 
microbes. Some may remain virulent for years, while others seem to become 
innocuous almost at once. The nature of the environmental medium, tempera- 
ture, and humidity also play important roles. The persistent potency of a par- 
ticular pathogenic microbe under various conditions may best be ascertained 
by actual observation and experimentation. Edward! in 1941 reported the 
recovery of potent influenza virus many hours atter drying on cloth, on glazed 
surfaces, and in household dust; in one experiment the dry virus remained 
potent tor five weeks. This matter would seem to be of sufficient gravity to 
merit further experimental investigation. 

In the present study we have subjected the Melbourne strain of influenza A 
virus to drying outside the living host and have then introdueed this into em- 
bryonated eges to ascertain its ability to infect. The Melbourne virus was main- 
tained by serial passage in embryonated eges. At least once a week 0.05 ©. of 
virus-infected allantoic fluid was injected into the extraembryonic fluids. of 
seven-day embryonated eggs. On the second day after inoculation, the embryo 
died and its allantoic fluid was harvested to serve as the virus-infected fluid for 
further propagation of the virus and for the experimental tests. The titer of 
virus in this fluid was measured by preparation of decimal seria! dilutions which 
were injected into embryonated eggs, and it was found to be quite variable, from 
10' to 10°.) In other words it was sometimes found that 0.1 ¢¢. of a 1 to 
100,000,000 dilution (10°°) of the allantoic fluid was sufficient to cause typical 
death of half the eggs inoculated, while occasionally this failed and only less 
dilute preparations would cause death; in rare instances as much as 0.1 ¢.c. of a 
1 to 10 dilution of the allantoic fluid was required. At frequent intervals the 
virus was tested by intranasal administration to white mice in order to check 
against the possibility that the influenza virus had been lost and accidentally 
replaced by some other virus lethal for chick embryos. The technical proceedure 
of inoculation, incubation, eandling, and eventual autopsy of the eggs has been 
previously described in publications from this laboratory. Occasional tests for 
bacterial contaminations were made, and occasional eggs obviously dying from 
causes other than infection with the virus were excluded from consideration. 





*From the Department of Bacteriology, New York Post-Graduate Medical School and 
Hospital, Columbia University. 
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‘or most of the drying tests the allantoic fluid containing the virus was 
placed in sterile test tubes 150 « 25 mm. fitted with perforated rubber stoppers 
and glass inlet and outlet tubes for passage of the dry air. The air of the room 
was passed through two glass tubes about 50 em. in length, filled with granular 
anhydrous ealeium chloride te remove moisture, and then through long glass 
tubes packed with sterile cotton into the virus tubes in series, and thence 
through a safety wash bottle to the suction pump. The virus tubes were turned 
every few minutes to distribute the liquid over their surfaces and favor the 
drying. The technique was varied somewhat. As a rule the volume of allantoi¢ 
fluid in each tube was 0.5 or 1.0 ¢.e., and ordinarily four short glass rods were 
included in the tube to provide greater surface. In each instance the drying 
time was recorded. A portion of each specimen was kept in the fluid state for 
subsequent comparison. Decimal dilutions were inoculated into embryonated 
eges, two to four eggs for each dilution, and the greatest dilution causing death 
of half or more of the embryos was taken as the index of titer. Sterile double- 
distilled water was used to resuspend the dried virus and for the dilution fluid. 
Some of the dried specimens were kept for later examination by storage of the 
original tubes in a dark closet at room temperature, and these specimens were 
examined after various time intervals. 

In one series of experiments the virus fluid was mixed with mucin. Ar- 
mour’s gastric mucin, 6 grams, was mixed with 50 e.c. of 95 per cent aleohol in 
a sterile, stoppered 250 ¢.c. flask and allowed to stand at 56° C. for four days. 
The excess aleohol was then decanted, the flask plugged with sterile cotton, and 
The dry mucin was 


’ 


the remaining alcohol was allowed to evaporate at 56° C. 
then suspended by adding sterile water in successive portions of 10 ¢.¢., with 
continued stirring, to a total amount of 80 ¢.c. The resulting mixture, contain- 
ing approximately 7.5 per cent mucin, was stored in the refrigerator. For use 
in the experiments it was further diluted ten times with water to make 0.75 per 
eent mucin, and one part of this was added to two parts of the virus fluid so 
that the final concentration of muein in the material to be dried was approx- 
imately 0.25 per cent. The mucin itself injected into eggs was found to be 
without lethal effect. 

In another series of experiments powdered tale, previously washed with acid, 
was mixed with the virus fluid before drying. The tale was shown to be without 
lethal effect when injected into eggs in the quantities employed. 

Description of some of the individual experiments may serve to illustrate 
the variations in technical procedure and the character of the results. 

Experiment of August 28, 1942.—Undiluted allantoic virus, 1 ¢.¢., was 
sprayed onto 10 ¢.c. of powdered tale with vigorous agitation. Then, at inter- 
vals, 0.1 ¢.c. of the mixture was removed, mixed with 1 ¢.e. sterile water, and 
injected into several eggs in a dose of 0.1 ¢.¢. It will be noted that the original 


virus fluid, which was found to have a titer of 10-*, had been subjected to a dilu- 
tion of 1 in 100 in addition to the drying effect of the tale, so that 1 ¢.c. of this 
dilution would still have contained a possible 100 lethal doses and 0.1 ¢.c. only 10 
lethal doses. The test after five minutes’ exposure to the tale resulted in five 
deaths and no survivals; after thirty minutes and again at ninety minutes, at 
which time the tale powder appeared quite dry, inoculation resulted in death of 
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all the eggs. After three hours the sample gave three deaths and two survivals 
and after ninety-six hours another sample gave one death and four survivals. In 
this experiment the first evident loss of potency occurred after the mixture ap- 
peared dry (three hours), and activity was almost completely lost at the end 
of four days. 

Experiment of October 14, 1942.—The undiluted virus fluid alone, in 1 ¢.e. 
amounts, was dried by air current in each of several glass tubes, requiring 60 
to 75 minutes to dry. After various intervals, the dry material was suspended 
in water and injected into eggs. The test at two hours resulted in death of all 
five eggs. Tests after twenty hours and after forty-eight hours allowed all the 
eges to survive. The titer of the original virus was above 10°. 

Earpertment of November 25, 1942.—The virus fluid, 5 ¢.¢., was mixed with 
2.5 ¢.c, of 0.75 per cent watery mucin, distributed in 1 ¢.c. amounts in glass 
tubes, and dried by air current at room temperature in eighty to 144 minutes. 
After intervals of twenty-five, thirty, and seventy hours, five, six, seven, and eight 
days, the dry material was taken up in 0.8 ¢.e. of water and injected into five 
eggs in the usual way. One egg of the five-day lot survived. All other eggs 
died. The titration of a sample five days after drying showed a titer of 10 
The titer of the original virus was 10-*. In this experiment the virus evidently 
retained its potency for the entire period of eight days. 

Experiment of December 9, 1942.—Virus fluid alone in amounts of 0.5 @.e. in 
glass tubes was dried by air current at room temperature in thirty-five to ninety 
minutes. After various intervals the dried material was suspended in 1 e.c. 
water and injected into eggs. The tests were done at thirty hours, two, four, 
and seven days. One egg out of five used for the seven-day sample survived. 
All the others succumbed. The original virus had a titer of 10°°. 

On this same day this same virus fluid, 2 ¢.e., was mixed with 1 ¢.e. of 0.75 
per cent watery mucin, and the mixture was distributed in amounts of 0.75 e.e. 
in glass tubes and dried by air current in from sixty-five to 105 minutes. The 
tests by inoculation of eggs were done by resuspending in 1 ¢.e. water and in- 
jecting after the dry material had been allowed to stand for thirty hours, seven, 
nine, and twelve days. All the eggs died. The dry material after twelve days 
was found to have a titer of 10-°. 

Experiment of January 19, 1943.—Virus fluid 0.5 ¢@.¢. was dried in each 
glass tube by air current in ninety to 160 minutes. Subsequent tests were made 
in the usual way by adding 1 ¢.c. water and injecting 0.1 ¢.e. of the resulting 
suspension into each of five eggs. The test at fifteen days resulted in two deaths, 
two survivals, and one discarded as unsatisfactory ; at twenty-two days, one death 
and four survivals; at forty-five days, three deaths and two survivals. The 
original virus was found to have a titer of 10-¢. 

On this same date, January 19, the same virus fluid, 3 ¢.c., was mixed with 
1.5 ¢.e. of 0.75 per cent watery mucin, and this mixture was distributed in 0.75 © 
cc. amounts in glass tubes and dried in air current at room temperature in 
seventy to ninety-five minutes. The dried material was tested in the usual way 
after fifteen, twenty-two, and forty-five days, and all the inoculated eggs died. 
Titration of the specimen at fifteen days showed a titer of 10-°, and again at 
twenty-two days a titer of 10-'. At forty-five days titration was again carried 
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out, but only the eggs inoculated with the undiluted first suspension died. The 
titer of the original, undried virus-mucin mixture, 3 parts, plus water 1 part 
was found to be 10%. In this experiment the mucin seemed to afford definite 
protection to the virus when subjected to drying, so that it remained potent for 
45 days even though the original titer, 10-*, was not particularly high. 
TABLE | 
SUMMARY OF MORE SIGNIFICANT FEATURES OF THE EXPERIMENTS 


EXPERI- 


MENT DATE ORIGINAL DRIED WITH ACTIVE VIRUS PRESENT 
NO. rITER 
l Aug. 22 10 Tale powder None found at 50 minutes 
Z Aug. 28 10-4 Tale powder at 5 hours; 0 at 96 hours 
Sept. 11 10-1 Mucin in air None found at 174 hours 
} Sept. 18 10-4 Muein in air - at 3 hours; 0 at 15 hours 
5 Sept. 24 10-4 Air 2urrent None found at 3 hours 
6 Oct. 2 10-3 Air current + at 2, 24 hours; 0 at 72 hours 
7 Oct. 14 10-4 Air eurrent + at 2 hours; 0 at 20 hours 
S Oct. 22 10 Air current 0 at 2 hours 
i) Oct. 30 10-7 Air current + at 2, 4, 614, and 21 hours 
10 Nov. 6 10-6 Air current t at 4, 6, 24, and 26 hours 
11] Nov. 17 10-6 Air current t at 48, 54, and SO hours 
12 Nov. 25 10-7 Muein in air + at 5, 6, 7, and 8 days’ 
13 Dee. l 10-7 Air eurrent + at 51, 74, and 96 hours 
l4 Dec. 9 10-8 Air current + at 2, +, and 7 days 
15 Dec. 19 10-8 Muein in air + at 7, 9, and 12 dayst 
16 Dee, 22 10-6 Air current + at 1] and 15 days; 0 at 22 days 
17 Dee. 29 10-6 Air current + at 8 days; 0 at 22 days 
18 Dec. 29 10-6 Tale in air + at 4 days; 0 at 22 days 
19 Jan. 9 10-5 Air current + at 1] and 15 days; 0 at 22 days} 
20 Jan, 5 10-5 Mucin in air + at 15, 22, and 29 days; 0 at 50 days 
21 Jan, 12 ly-4 Air jet 0 at 15 days 
22 Jan. 19 10-4 Air current 0 at 15 days 
233 Jan. 19 10-4 Muein in air + at 15, 22, and 45 days$ 
24 Jan, 26 10 Air gurrent 0 at 22 and 38 days 
23 Feb. 10 10-4 Air current + at once; 0 at 16 days 
26 Feb. 10 10-2 Air current 0 at 7 days 
27 Feb. 17 10-44 Air current 0 at 9 and at 15 days 
28 Feb. 24 10-3 Air current + at once; 0 at 16 and £9 days 
29 Mar. 3 10-4 Muein in air + at once; 0 at 19 and 23 days 
a0 Mar. 18 10-4 Air current + at once; 0 at 8 days 
3] Mar. 31 10-2 Air current + at once and 24 hours; + at 3 days 





*Dry material tested at 5 days gave a titer of 10-3. 

7Dry material tested at 12 days gave a titer of 10-3. 

tOriginal virus caused typical pneumonia in four mice. 

§$Dry material tested at 15 days gave a titer of 10-3 and at 22 days a titer of 10-1, 


This virus on February 10 was subjected to preliminary dilution 1:100. 
(This virus on February 17 was subjected to preliminary dilution 1:10. 


Many more experiments of a similar kind were performed. Some few of 
them miscarried because of too low potency of the original virus fluid or because 
of bacterial contamination, and some resulted only in duplication. The 31 sig- 
nificant experiments are listed in summary form in Table I, so that the gen- 
eral results may be seen on a single page. The data indicate a considerable 
range of variation. In some experiments the virus after drying was no longer 
able to cause death of the embryonated eggs, and in other experiments it was pos- 


sible to demonstrate lethal virus in the dry material after rather long periods. 
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Each experiment was carried out without advance information in regard to the 
titer of the virus being used. In this respect there was a range from 10°' to 10°. 
Krom October 30, 1941, to January 5, 1942, this virus maintained a rather high 
titer, and the drying tests made during this period revealed the presence of po- 


tent virus, for a time at least, in the dry material of every experiment. 
DISCUSSION OF EXPERIMENTAL RESULTS 


Apparently admixture of powdered tale did not favor preservation of the 
active virus. In Experiment 1 virus could not be recovered after a half hour; 
in Experiment 2 it was still active at three hours but not at ninety-six hours, 
and in Experiment 18 it was still active at four days but not at twenty-two days. 
It is evident that virus of original high titer remained demonstrably active for 
a longer period. Admixture with powdered tale provides conditions resembling 
to some extent those present when moist particles from the mouth or nose may 
fall upon dry dust of the air, floor coverings, or furniture. In such cireum- 
stances highly potent virus would seem likely to remain active for four days. 

Drying of the allantoie virus on clean glass gave results only slightly dif- 
ferent from those obtained with the powdered tale. In some instances the ae- 
tivity of the virus persisted for considerable periods: in Experiment 11 for 
eighty hours; in Experiment 13 for ninety-six hours; in Experiment 14 for seven 
days; in Experiment 17 for eight days; in Experiment 16 for fifteen days. In 
other instances the activity was no longer evident after brief periods: In Experi- 
ment 8 at two hours, and in Experiment 5 at three hours. Again the signifi- 
canee of an original high titer, 10-° to 10°°, was evident, and this seemed to make 
it possible for the virus to retain its activity when dried in an air current even 
after several (at least fifteen) days. The experimental conditions here resemble 
those provided when virus expelled from the body comes to rest on a clean glazed 
surface exposed to moving air, and also to some extent the conditions under 
which suspended particles dry while suspended in the atmosphere. Virus of 
high titer may be expected to retain poteney longer. 

Drying the allantoic virus after admixture of mucin resulted in a rather 
disturbing revelation of the persistence of virus activity in such material. In 
particular a virus of high potency tended to retain its activity. In Experiment 
12 it was still lethal to eggs after eight days, and at five davs the titer was 
found to be 10°° as compared with an original titer of 10-7. In Experiment 15 
even after twelve days the titer was found to be 10° as compared with an origi- 
nal titer of 10-8. In Experiment 20 the lethal potency for eggs was still present 
at the end of twenty-nine days in the dry state and in Experiment 23 after 
forty-five days. The conditions in these experiments mimie those which natu- 
rally exist when larger particles of mucus impregnated with virus of high po- 
teney are deposited on glazed surfaces, and conditions are probably not signifi- 
cantly different when such mucus is deposited on fabries such as gauze mask or 
kerchief. Evidently in the presence of virus of high titer, which we may as- 
sume to exist during a severe pandemic, it will be unwise to neglect the menace 
of possibly infected dust deposits in rooms and dust from dried mucus on fabries 
or utensils. Even in the face of the less malignant and more common epidemic 
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influenza, the possible danger of transmission per fomites may well receive 
attention. 


CONCLUSIONS 


1. Experimental tests of the effect of ordinary desiceation by drying in 
an air current indicate that the Melbourne strain of Influenza Virus A of low 
potency is inactive a short time after drying, or at least impaired to such a de- 
gree that the virus no longer brings about death of embryonated eggs inoculated 
by a standard technique. 

2. When, however, the original virus is of high potency, such as may le 
assumed in pandemic disease, then this is no longer true. Such virus remains 
lethal to eggs for many days after drying in air. 

3. Highly potent virus mixed with mucus and dried in the air may retain 
its lethal poteney for embryonated eges for as long as forty-five days 

4. The transmission of epidemic and pandemie influenza through the ageney 
of dust and dry fomites is a distinet possibility, not to be ignored in the practical 


control of these diseases. 
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THE APPARENT ADVANTAGE OF FREQUENTLY ADMINISTERED 
QUININE IN AVIAN MALARIA INFECTIONS* 


ILaRRY Beckman, M.D., AND JANE Surru, M.T. 
MILWAUKEE, WIs. 


N A RATHER close study of the literature of clinical and experimental! 

malaria over many years the senior author has never encountered the record of 
an attempt to effect early arrest of the disease by the application of continuous 
specific therapy from the moment of diagnosis. In 1940, Most and Jolliffe! re- 
ported the giving of 10 grains (0.6 Gm.) of quinine dihydrochloride intra- 
venously in 10 ¢.c. of physiologic saline solution every three to four hours for 
twenty-four hours in the presence of cerebral involvement in patients infected 
with Plasmodium falciparum; but this is intensive rather than continuous 
therapy and is not likely to win general approval in view of the feeling that 
such therapy may precipitate blackwater fever. In 1932, St. John? gave 10 
grains (0.6 Gm.) of quinine sulfate every four hours for four or five days to 
eight patients and found that high concentrations of quinine could be maintained 
in the blood by this method, but the effects upon the parasitological and clinical 
course of the disease could not well be studied by him since his patients were 
only afflicted with the quickly responding induced malaria. The Fourth General 
Report of the Malaria Commission of the League of Nations Health Organiza- 
tion® discusses the experimental treatment and prophylaxis of malaria in 12,288 
subjects, but deals with drugs only in terms of total daily dosages. Of course, 
the almost universal custom throughout the world is to give the first dose of 
either quinine or atabrine as soon as the diagnosis is made and thereafter to 
give one-third the total daily dosage after each of the three meals; this is the 
method practically routinely emploved in the Allied armed forces. Strong, in 
his new authoritative sixth edition of Stitt’s ‘‘ Tropical Diseases,’’* advocates the 
employment of three daily doses, but he goes a bit further and says that “‘in cer- 
tain very severe infections it may be advisable to give even four doses... during 
the first twenty-four hours of the attack.’’ Manson-Bahr,’ the editor of the 
British counterpart of Stitt’s classical American work, in 1940 stated his feeling 
that there appears to be an advantage in breaking up the daily dosage into six 
portions, but in more recent publications he has said nothing about a dosage of 
this sort. In view, therefore, of the lack of evidence that frequent, to say nothing 
of continuous, therapy with quinine had ever been given a trial in acute malaria 
infections in the human being we have sought to investigate the possible ad- 
vantages of such a method of treatment by putting the matter to experimental 
trial in avian infections in the laboratory. Two facts seemed further to make 
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this investigation worth while: first, that quinine is rapidly destroyed and 
excreted by the body; and, seeond, that in baeillary infections the frequent 


administration of sulfonamides is a sine qua non of success. 


METHOD 


In all the malaria work in our laboratory in recent years we have used the 
female canary as host animal and infected her by the direct bite of Culex pipiens 
mosquitoes carrying the very virulent strain of Plasmodium cathemertum 3112° 
developed by us through about six years of uninterrupted canary-mosquito- 
canary passage. In the beginning of the present study our aim was to set up 
three groups of infected birds, one to be used as untreated controls, one to be 
given one-third the total quinine dosage in three equal portions through twelve 
hours of each day, and one to be given the same total daily dosage but adminis- 
tered through continuous drip during the twelve hours. However, we failed 
utterly in attempts to devise a satisfactory method of continuous administration 
to the canary. The intravenous route was of course out of the question and even 
the intraperitoneal or intragastrie drip was made impossible by the size and the 
squirming and fluttering propensities of the bird. In the end we had to give up 
the hope of effecting twelve hours of continuous administration and resort to 12 
doses during twenty-four hours in the one group, 3 doses in twelve hours in the 
other group, and no treatment at all in the control group. This gave us a com- 
parison of three times daily dosage and very frequent (i.e., every two hours) 
dosage, but it did not enable us precisely to study the effect of ‘‘continuous’’ 
administration as originally contemplated. 

Thirty-six birds were bitten for the study, but only the 30 in whose blood 
we found plasmodia late on the night of the fourth day were used. On the morn- 
ing of the fifth day (Monday) these 30 infected birds were divided into 3 lots of 
10 each and smears of the peripheral blood were made, beginning the smearing 
at 7:30; smears were thereafter made daily at this time through Friday. The 
dosing proceeded as follows: drug: quinine bisulfate in aqueous solution pre- 
pared freshly each day; dosage: the total dosage administered to both treated 
groups in each twenty-four hours was 3 me., the group receiving the 3 large 
daily doses being given 1 mg. in 0.1 ¢.c. of water at 8 A.m., 2 P.M., and & p.m., and 
the group receiving the 12 small doses being given 0.25 me. in 0.05 ¢.c. of water 
at 8 a.m., 10 a.m., 12 N., 2 p.m., 4 P.m., 6 P.m., 8 P.mM., 10 p.m., 12 M., 2 a.m., 4 A.M., 
6 a.m., ete. (the controls were given 0.05 ¢.c. of water at these same two-hour 
intervals); route of administration: oral, dribbling the solution into the mouth 
through a blunted 27 gauge needle; length of treatment: the first four days of 
the infections, Monday through Thursday, inclusive. Thus there were 10 birds 
dosed three times daily for four days, 10 birds given suitably reduced doses every 
two hours round the clock continuously for four days, and 10 birds held as un- 
treated controls. 

The relative effectiveness of the two types of treatment was determined by 
(1) the respective heights of the daily plasmodial counts in all groups, employing 
the counting technique which we have recently described ;* and (2) the relative 


retardations of the rates of development of the plasmodia, employing the same 
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criteria of retardation as have been previously used in this laboratory.* The 
findings are presented in Chart I and Table I. 


ANALYSIS OF FINDINGS 


Upon studying Chart I it is seen that in the control group, 1 bird reached 
crisis (i.e., the numerical peak in the daily plasmodial counts) on the third day, 
and 9 reached crisis or a near plateau on the fourth day. In the group dosed 
3 times daily, 3 birds reached crisis on the third day, 5 reached erisis or a near 
plateau on the fourth day, and 2 continued to rise sharply after the fourth day. 
In the group dosed every two hours, 4 birds reached crisis or a near plateau 
on the seeond day, and all the birds had reached or passed crisis by the third 
day. To recapitulate: in the control group, 9 of the 10 birds did not reach 
crisis or plateau until the fourth day; in the group dosed 3 times daily, 8 of the 
birds reached this point on the third or fourth day ; and in the group dosed every 
two hours, all birds had reached this point on the second or third day. The 
plotted average course of the infections in the three groups reveals several points 
very sharply: (a) Upon the third day, the count was about the same in the two 
treated groups, but this count marked the peak of the rise in the group dosed 
every two hours, whereas the peak was not reached until one day later (and then 
at a considerably higher level) in the other group; (b) upon the fourth day, the 
count in the group dosed every two hours was only 55 per cent as high as in the 
other group; (¢) upon the fifth day, the count in the group dosed every two 
hours was only 33 per cent as high as in the other group, and it is further notable 
that the count in the latter group was still considerably higher than it had been 
even at the peak in the more frequently dosed group. 


TABLE I] 


PERCENTAGES OF TROPHOZOITES OF SIZES INCREASING FROM A To D 
AVERAGES FOR ALL MEMBERS OF EACH GROUP ON THE $$ PEAK’? DAy) 


BIRD GROUP _ | \ B | C D SMALL (A + B) | LARGE (C + D) 
Controls | 9.6 30.2 | 38.9 — 21.2 | «4398 °&2| £601 
3 doses | $3.7 12.3 15.3 8.9 76.0 24.0 
12 doses | 88.0 10.9 0.3 0.8 98.9 i 


For an understanding of Table I it is necessary to reeall that among the 
morphologic evidences of specifie chemotherapeutic effect upon the malarial 
Plasmodium perhaps most marked is the retardation of its rate of growth. In 
terms of the present study this effect is recorded in Table I, compiled from data 
obtained as follows: Each smear which represented the peak day of its respee- 
tive infection was re-examined and the relative sizes of the organisms in 100 
singly infected erythroevtes were noted; the numbers of organisms of sizes <A, 
B, C, and D were then separately added for each of the three groups of birds, 
averages were determined, and these averages were recorded in terms of per- 
centages of the respective sizes to form the basis for Table I. The data seem 
clearly to indicate that frequent proportionately reduced quinine dosage is able 
to effect a greater retardation in trophozoite development than three times daily 
dosage, since with the more frequent dosage only 1.1 per cent of the organisms 
had attained a large size at smearing time while 24.0 per cent had done so in the 


less frequently dosed group. 
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DISCUSSION 

Failing in our attempt to devise a satisfactory method of continuously ad- 
ministering quinine to canaries we were obliged to fall back upon very frequent 
dosing, but even this compromise arrangement vielded a startlingly affirmative 
answer to the question we had asked ourselves: namely, may a given total dose 
of quinine, administered during a fixed period of time, be more effectively em- 
ployed by continuous infusion than in the traditional three times daily manner? 
Specifically, in our ‘‘continuously’’ treated birds the plasmodial counts were 
lower, the break in the upward trend of the counts came on the second instead 
of on the third day, the crisis came on the third instead of on the fourth day, 
the peak at crisis was lower, the counts at the end of the period of observation 
were only slightly higher than they were at the beginning, whereas in the tradi- 
tionally treated group they were still higher than they had been even at the peak 
in the continuously treated group; furthermore, the continuous type of treat- 
ment effected an approximately 20 times greater retardation in trophozoite de- 
velopment than did the traditional type of treatment. Our strain of avian 
malaria being notoriously resistant to drugs, we believe these findings would 
amply justify comparable studies in the human being. The senior author there- 
fore suggests that the following therapeutic trials might be worth making where 
large numbers of hospitalized malaria patients are being seen: (a) continuous 
venoclysis with physiologic saline solution so fortified with a quinine salt that the 
patient shall obtain 30 grains (2.0 Gm.) of the drug in each 24-hour period; (b) 
the same as the preceding but with a reduced amount of quinine; (e@) the venoc- 
lvsis maintained for only twelve hours of each day with the quinine content 
doubled; (d) any of the above plus a small dose of quinine by mouth or intra- 
muscularly at the beginning; (e) the same as any of the above except that the 
saline-quinine solution be administered by intragastrie drip as in the aluminum 


hydroxide treatment of peptic ulcer.” 
CONCLUSIONS 


In canaries infected with a very virulent strain of malarial plasmodium, the 
‘‘continuous’’ is markedly superior to the ‘‘traditional’’ type of quinine therapy. 
Trial of such ‘‘continuous’’ therapy in man seems indicated. 
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CLINICAL CHEMISTRY 


A STUDY OF THE EFFECTS OF VITAMIN D ON CAPILLARY 
PERMEABILITY BY THE USE OF THE DYE T-1824# 


A. StLver, MLS., Invinc E. Steck, M.D.,t ann C. I. Reep, Pu.D., CHicaco, Tun. 


HE influence of calcions in decreasing membrane permeability has been ree- 

ognized for a long time. Some observations on the reduetion of edema in 
arthritic joints suggested the possibility of a causal relationship between this 
reaction and the caleium-mobilizing action of massive doses of vitamin DD. It is 
the purpose of this paper to make a progress report on the results of some 
experiments on dogs designed to investigate this possibility. 

The method used for determining changes in capillary permeability was the 
disappearance rate of the dve T-1824 from the blood stream. This method has 
heen suggested as applicable in shock by Price and Longmire.' Tislowitz? re- 
ported on the use of the **enduranee-time’’ of Congo red in the blood stream as 
an indicator of capillary permeability. 


METHOD 


Throughout this work, adult male dogs of 14 to 20 kilograms body weight 
were used. In determining the disappearance rate of the dye from the blood 
stream, the technique was similar to that used in routine plasma volume deter- 
minations, except that in most cases only two dyed blood samples (10 ¢.¢. each) 
were withdrawn at fifteen and sixty minutes respectively after the dve injection. 

Hemolysis was minimized by using oiled syringes and tubes and by cen- 
trifuging samples before clotting occurred. Later, the serum was expressed 
from the clotted plasma by pressure. The concentration of dye in the serum 
samples was determined by a photelometer as recommended by Gibson and 
Evelyn.* The per cent disappearance rate in a standard interval was caleulated 
as the percentage difference in concentration of dve between the first and second 
samples. Plasma volumes were calculated to the nearest 10 ¢.¢. from the con- 
centration of dye in the 15-minute sample. 

Eleven trained dogs were used for the chronic work, each animal serving 
as its own control. After suitable rest periods, five of these were subjected to 
one or more repetitions of the general procedure. Additional dogs were used for 
the acute lymph experiments. 

Vitamin D was administered orally in capsules, each of 50,000 international 
units of antirachitie potency. 

*From the Department of Physiology, University of Illinois. 

Supported in part by grants from the Graduate School Research Board of the University 
of Illinois and from the Nutrition Research Laboratories. , 
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EXPERIMENTAL 


Acute experiments were performed, in’ which lvinph was collected and 
analyzed for dye content. Fasted dogs were anesthetized with sodium barbital, 
0.25 Gm./kg., and the thoracic, or cervieal, lymph duet was exposed and ean- 
nulated. The collected lymph was allowed to clot, the fluid lymph expressed, 
centrifuged, and the dye concentrations then determined on the photelometer 
exactly as were the serum samples, since the optical densities of the serum and 
Ilvmph were found to be practically identical. 

The experiments may be divided into three groups : 

I. The effect of vitamin D on normal dogs. 
I]. The effect of vitamin D on histamine-treated dogs. 

Ill. The relation between the appearance of T-1824 in the !ymph and its 
disappearance from the blood stream. 

I. The Effect of Vitamin D on Normal Dogs.—( A) Effeet of Low Daily 
Dose.—In 6 experimental animals, dosages of 10,000 to 15,000 T. U. per ke. per 
day for one to four days or 2,500 to 10,000 1.U. ke. per day for two to three 
months had no significant effect on the dve disappearance rates. Graphs are 
omitted to conserve space. 

(B) Effect of Medium Daily Dose.— Doses of 18,000 to 20,000 T.U. per ke. 
per day administered for six to seven days produced significant effects in 4 of 
the 5 dogs tested; but the effects were not the same in all 4 significant cases. 
The changes were observed after a latent period of seven to nine days and 
included dye disappearance rates, plasina volume, and hematocrit values. One 
dog died in a state of shock (confirmed at autopsy) on the day following the 
last dose, and the dye disappearance rate twenty-four hours previous to death 
was 48 per cent (normal for this dog was 14 per cent). The rates were 12 and 
13 per cent respectively in two animals, as contrasted with —1 and —5 per cent 
mean control values. In another the rate was decreased trom 6 to 5 per cent, 
while in the remaining animal the rate was decreased from 3 to —64 per cent. 
The ineonstaney of results in this group is probably a reflection of an inter- 
mediate state between the first and third groups. 

(C) Effeet of High Daily Dose.—Dosages of 45,000 to 110,000 L.U. per ke. 
distributed over 24 to 48 hours resulted in a marked effect, noted when the 
dogs were tested five to eight days later. The disappearance rates of the dye 
were greatly decreased, and both plasma volumes and hematocrit values were 
much increased: 3 out of 4 does showed these changes. 

IT. Effect of Histamine.—Two dogs were used for these experiments. After 
control determinations, the following procedure was instituted. A dye-free 
sample of blood was withdrawn and the dye injected. A dyed sample was 
taken at 10 minutes, and histamine (1.5 me./kg.) was injected intravenously 
at 14 minutes. Additional blood samples were then taken at 16, 40, and 60 
minutes after dye injection. flematoerit values were determined for each 
blood sample. The two dogs were subsequently fed vitamin D, and two more 
histamine experiments were performed, one during treatment, and the second, 
five days after discontinuance. The dogs showed no prolonged ill effeets from 
the drug, appearing completely recovered a few hours later. 
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Within 2 minutes after histamine injection, the hematocrit value rose, 
reaching a peak at 40 minutes and beginning to return by 60 minutes (Fig. 1), 
indieating a probable exit of fluid from the blood just after histamine injee- 
tion and a return of fluid subsequently. On the assumption that the changes 
in hematocrit were due entirely to movements of fluid, the plasma volume 
changes were calculated on the basis of hematocrit changes. 

The fact that the plasma volume was fluctuating made it necessary to 
correct the measured values of dye concentration to the original plasma volume 
in order to gain a true picture of the curve of dye disappearance in these 
experiments. This calculation was carried out for all the samples taken after 
histamine injection. The resulting curves of plasma volume and gross dye 
loss, all similar to those in Fig. 1, showed that the loss of plasma and dye 
occurred simultaneously and immediately after the injection of histamine. 


Fig. 1. 


Single Histamine Experiment on Unanesthetized 
Dog Showing Relation Between Blood Concentration 
Changes and Disappearance Curve of the Dye 
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The plasma level tended to return to normal very quickly, whereas the dye 
did not return so quickly in the hour period of the experiment. This probably 
indicated that copious lymph flow commences very soon after histamine injec- 
tion and tends to restore the plasma volume toward the end of the experiment. 
The added lymph is at first dye-free, however, and only later does the level 
of dye in the plasma tend to rise, indicating that the lymph is finally returning 
some of the lost dye. This interpretation is borne out by experiments de- 
scribed below, wherein the transfer of dye to the lymph was investigated after 


histamine. 
Fig. 2 shows the comparison between normal dye loss and dye loss after 


histamine. In the case of the histamine experiments, the values for per cent 
loss of dye in 40 minutes were felt to be of greater significance than the 60 
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minutes’ data in evaluating the effeet of vitamin D on dye loss, because after 
60 minutes, in most cases, the dye level depended on lymph return of dyed 
fluid to a far greater extent than at 40 minutes, the latter thus giving a truer 
picture of rate of dye loss. After the administration of vitamin D, the per- 
centage of dye lost in 40 minutes was significantly less than the values before 
vitamin D, in the case of both animals. 

III. Relation Between Appearance of T-1824 in the Lymph and Loss From 
the Blood Stream.—The purpose of these experiments was to find whether dye 
injected intravenously could be recovered in the lymph in amounts bearing 
any constant relationship to the amounts disappearing from the blood stream. 
Ferrebee, Leigh, and Berliner* reported on the same procedure, but gave quan- 
titative data in only one case. 


Fig.2 
Effect of Histamine on Dye Disappearance Rate 
and Influence of Vitamin D on Histamine Effect 
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Eight dogs were anesthetized with sodium barbital (0.25 Gm./ke.), and 
their thoracie or cervical lymph ducts were exposed and cannulated. Lymph 
was collected during a control period, and at two (at least) 15-minute periods 
after the intravenous injection of T-1824, the average time of lymph ecollec- 
tion for these samples was 15 and 60 minutes after dye injection. Routine 
blood samples were taken simultaneously. 

In three of the experiments (illustrated by Fig. 3) 0.5 mg./kg. of histamine 
was injected at approximately the twentieth minute after dye injection, and 
the blood and lymph specimens were collected as above. 

Fig. 4 shows that a linear relationship exists between the change in dye 
concentration in the blood between the fifteenth and sixtieth minutes after 
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dye injection and the simultaneous change in concentration of dye in the 
lymph. Each point represents one experiment. 


DISCUSSION OF METILOD 


In our opinion, based on the lymph studies and dye disappearance rates 
after histamine, the per cent disappearance rate of the dye for the hour period 
after injection is a direct indieation of the rate of fluid circulation between 
the blood and lymph. Normally a certain amount of plasma, with plasma 
proteins, passes per unit time through capillaries to the tissues and then into 
the lymphatics. At the same time a similar volume of lymph is returning to 
the blood stream. The dye T-1824, attached to plasma albumins,® is incor- 
porated in this circuit (later removed by phagocytosis), and since normally 
very small amounts of the dye return to the blood via the lymph in one hour, 
the per cent disappearance rate of dye from the blood stream is a fair index 
of the blood-lymph circulation rate, provided the hematocrit values remain 
constant throughout one hour and provided there is no drastic alteration in 
blood volume involving shifts of whole blood. 

Fig. 3. 
Single Histamine-Lymph Experiment on 


Anesthetized Dog Showing Simultancous 
Dye Concentration Changes in Blood and Lymph 
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Conditions of generalized decreased capillary permeability should be de- 
tected accurately by this method, but conditions of increased permeability may 
or may not be detected. In the latter regard positive results are to be trusted, 
but negative results are not necessarily indicative of normal conditions. 

DISCUSSION OF RESULTS 

The fact that significant changes in blood volume and disappearance rate 
of dye were found together with loss in weight brings up the question of the 
possible direct role of anorexia and weight loss in the causation of these other 
phenomena. 


Prolonged loss of weight is accompanied by decreased total blood volume 
and hematocrit, according to Rowntree and Brown.’ Sudden weight reduction 
(in obese subjects) is unaccompanied by any consistent changes in total blood 
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volume. Furthermore, acidosis and dehydration specifically cause decreased 
total blood volume.*!! In 1937 Tislowitz and Kurowski'® reported that large 
doses of vitamin D produced an inerease in the plasma volume of circulating 
blood together with a decreased red cell volume. Data on one experiment 
only were given and no mention was made of weight changes. Doses of vitamin 
I) administered were about 4, of the amount used in this work. 

There are two main possibilities to account for the increased blood volume 
and decreased rate of dye loss found both in normal dogs and in histamine- 
treated dogs after vitamin D administration. They are (a) decreased eapil- 
lary permeability and (b) action on the liver. Decreased capillary permeability 
to water and water-soluble substances could theoretically be effected by: 

1. An increased amount of lipoid in endothelial cell membranes brought 
about by a high blood concentration of lipoid (plus dispersing agent). (The 
preparation of vitamin D used in this work contains a good deal of sterol, and 
the blood itself normally contains substances which can disperse lipoids, so 
that this mechanism for effecting a decrease in capillary permeability was 
present in our experiments. ) 

Fig. 4. 
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2. Increased concentration of calcium ions can cause decreased perme- 


ability of cellular membranes,'*"'° and a high blood calcium, at least, frequently 
follows high dosing with vitamin D.'* Decreased capillary permeability would 


result in an increased retention of plasma proteins and therefore of fluid in 
the circulating blood. The dye particles, attached to plasma proteins, would 
also escape less easily, giving rise to a decreased dye disappearance rate. 
There is also the possibility that the effects are due to changes in the eir- 
culation through the liver. As was noted by Mautner and Piek,’S and later 
by Bauer et al.,'” histamine and other so-called ‘‘shoeck poisons’’ cause eon- 
striction of the hepatic veins near the entrance into the vena cava, resulting 
in swelling of the liver and great outpouring of liver lymph. Other agents 
have been found to act oppositely; 1.e., cause partial constriction of both 
hepatie artery and portal vein, resulting in an increased total cireulating blood 
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volume. Vitamin D in large amounts may be one of the latter agents which 
‘contract’? the liver. This action would explain the decreased dye disappear- 
ance rates, the increased total blood volume, and the antagonism of the his- 
tamine effect. 


SUMMARY 


1. A method has been presented for detecting changes in capillary per- 
meability by the determination of the disappearance rate of T-1824 from the 
blood stream. 

2. The disappearance rate of the dye after histamine injection was found 
to be increased greatly over normal disappearance rates. 

3. The increasing concentration of the dye in the lymph after intravenous 
injection was found to be directly proportional to the decreasing concentration 
in the blood stream in both normal and hisiamine-treated dogs. 

4. After a latent period of five to eight days following a large dose of 
vitamin D, these significant changes were found: (a) increased total plasma 
volume, (b) increased volume per cent of red cells, (¢) decrease in dye dis- 
appearance rate in normal dogs, (d) decrease in dye disappearance rate in 
dogs given histamine, and (e) loss of weight which persisted for several weeks. 


5. Possible mechanisms of the changes in paragraph 4 are suggested. 
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EXTREME RESISTANCE TO INSULIN STUPOR IN A 
SCHIZOPHRENIC PATIENT* 


T. D. Rivers, M.D., ann K. A. C. Evutorr, Pu.D., PHILADELPHIA, PA. 


HE variability in the response of different subjeets to similar doses of in- 

sulin is observed by all who have experience in the shock treatment of 
psychotic patients or in the treatment of diabetes. Similarly the effects of low 
levels of blood sugar are known to vary widely in different subjects. Petersen 
and Lutz! report the case of a patient who failed to go into stupor despite the 
fact that the blood sugar fell to 15 me. per 100 ¢.c¢. on a dose of 360 units of 
insulin administered intravenously. We wish to report observations on a 
patient who shows extreme resistance to insulin stupor. 

The routine procedure developed by one of us (T. D. R.) for the insulin shoek 
treatment of psychotic patients is as follows. For a preliminary period of one 
week, patients receive daily intramuscular injections of 5 units of insulin in 
order to desensitize those who might show sensitivity to insulin. Then the 
patient receives, before breakfast, daily doses of insulin which start at 50 units 
and are increased, usually by 20 units at a time, until stupor is produced. 

The subject of this report, a hebephrenie schizophrenic male, 23 vears old, 
had his dosage of insulin increased up to 1,200 units intramuseularly, the later 
increments in dosage being 100 units at a time. This failed to produce stupor, 
and insulin was then administered intravenously starting with 20 units and 
increasing the daily dose by fairly large increments up to 2,500 units. Deep 
stupor was never produced. After the highest dese, some twitching occurred, 
but the patient could still drink glucose solution offered at the end of the treat- 
ment period. Finally, the patient was given 120 units of protamine zinc insulin 
intramuscularly at 8 p.m. and then received 500 units of ordinary insulin in- 
travenously at 8 a.m. the next morning. This time, light stupor for about fifteen 
minutes was produced two and a half hours after the intravenous injection, but 
a convulsion occurred which awakened the patient. (Brief muscular activity, 
such as a convulsion, is known to cause a rise in blood sugar. See, e€.g.., 
Elhott et al.*) 

Venous blood sugar levels were determined immediately before and at in- 
tervals after the administration of insulin, by the method of Benedict as 
modified by Elliott et al.2 Results are shown in Table I. It will be seen that, 
even with relatively small doses of insulin, the blood sugar fell rapidly, follow- 
ing a course very similar to that observed with ordinary patients who go into 
deep stupor. Actually, increasing the intramuscular dose frem 400 U. (the 
lowest at which blood sugar determinations were made) to 1,200 U., or the in- 


*From the Institute of the Pennsylvania Hospital. 
Received for publication, October 20, 1948. 
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travenous dose from 20 U. to 2,500 U., had no appreciable effect on the rate of 
fall in blood sugar. 

The fasting blood sugar of the patient before insulin injection was nearly 
always higher than normal though there was no sign of glucose in the urine. 
The lowest level of blood sugar after insulin was also nearly always slightly 
higher than has been found with other patients undergoing insulin treatment. 
This suggests that the regulation of the blood sugar was somewhat unusual in 
the resistant patient. While insulin administration produced a normal 
total drop in blood sugar, a certain amount of sugar was not subject to regulation 
by insulin, and this reserve was sufficient in his case to prevent stupor. How- 
ever, one low figure for the final level argues against this hypothesis. Several 
determinations carried out after veast treatment indicated that no nonterment- 


able reducine substances were affecting the results. 
SUMMARY 


Observations are reported on a patient who received up to 1,200 units of 
insulin intramuseularly and up to 2,500 units intravenously without going into 
deep stupor. Insulin produced the same total fall in blood sugar in this patient 
as in patients who went into stupor. 
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PURIFIED PYROGEN FROM EBERTHELLA TYPHOSA* 


A PRELIMINARY Report ON Its PREPARATION AND ITS CHEMICAL AND 
BioLoGic CHARACTERISTICS 


Co Tur, M.D., D. Horr, Pu.D., M. H. Scurirr, M.S., ANd J. Powers, B.S. 
New York, N. Y. 
With THE TECHNICAL ASSISTANCE OF ARTHUR WALLEN AND LILLY SCHMIDT 


N A PREVIOUS report from this laboratory it was stated that the fever- 

producing principle, or pyrogen, in typhoid vaceine is not removed by 
Berkefeld filtration; ie., it is soluble and not bound to the bacterial bodies; it 
is retained by a 200-second Zsigmondy ultrafilter and is, therefore, of the same 
order of particle size as the fever-producing principle found in intravenous 
fluids; and like the pyrogen found in insulin and infusion fluids, it is removable 
by filtration through asbestos pads of the Ertel pyrogen retentive type. For 
these reasons, and for the reason that the clinical response provoked by an 
intravenous injection of **pyrogenic’’ fluids is similar to that provoked by 
typhoid vaccine, it was coneluded that the fever-producing principle associated 
with Bacillus typhosus and pyrogen are closely related substances. 

The present work deals with isolation of this pyrogen from typhoid bacilli 
and with some of its chemical and biologie characteristics. 

Method.—tThe starting material was a concentrated stock suspension of 
killed Eberthella typhosa containing 50 to 88 million microorganisms per ¢.c¢. 
The entire procedure from beginning to the final product was carried out under 
aseptic precautions, all the apparatus having been autoclaved or boiled in py- 
rogen-free water and all the distilled water boiled fresh. 

The suspension (usually from 6 to 7 liters) was centrifuged at over 38000 
revolutions per minute until the supernatant was clear. The pooled super- 
natant fluid was passed through a Berkefeld or Mandler filter of the smallest 
porosity. The clear sparkling filtrate was then poured into 10 volumes of filtered 
95 per cent or absolute alcohol, to which was added sodium acetate crystals in 
the approximate concentration of 0.5 per cent. The precipitate, which first ap- 
peared as a thick cloud, was allowed to settle over 48 to 72 hours, after which 
the alcoholic supernatant was siphoned off. The alcohol-precipitate mixture 
at the bottom of the vessel was then centrifuged and the supernatant alcohol 
drained off. 

The grayish white precipitate, which now contained the pyrogen, was sus- 
pended with hot distilled water until a viscous suspension was obtained. It 
was then transferred to a Visking cellophane sac; toluene was added as a pre- 
servative. Both ends of the sae were tightly tied off, and the suspension dialyzed 
for 4 to 5 days in a refrigerator, first against tap, then against distilled water. 

*From the laboratory of Experimental Surgery, New York University College of Medicine ; 


under grants from New York Foundation and The Eli Lilly Company. 
Received for publication, Nov. 29, 1943. 
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Most of the salts were removed in this way. After dialysis, any insoluble 
material within the sae was centrifuged off; and to the cold supernatant were 
added 10 volumes of cold absolute aleohol. The resulting precipitate was 
centrifuged, dissolved in a minimum amount of hot water, and added to 6 vol- 
umes Of 95 per cent phenol, according to the method of Palmer and Gerlough.? 
The concentrated phenol extracted most of the protein present. This step was 
repeated. The final precipitate was washed with alcohol several times to remove 
phenol, dissolved in a minimum amount of hot water, and poured into 10 volumes 
of absolute acetone. The white precipitate was centrifuged off, dried, and 
weighed. 

In following the procedure described above, the pyrogen-containing precipl- 
tate was dried and weighed at each stage in the process of concentration and 
purification, and miero-Kjeldahl nitrogen determinations, according to the 
method of Levy and Palmer,® were carried out on samples. In this way, the 
loss of nitrogen could be traced, 

Physical and Chemical Characteristics —The final vield from 6 liters is 
slightly more than three Gm., or approximately half a gram per liter of the 
suspension. The product is a gummy substance. Its true solubility has not 
been determined, since it forms colloidal solutions exhibiting opalescence. The 


chemical properties are summarized in Table I. 


TABLE |] 


CHEMICAL PROPERTIES OF TYPHOID PYROGEN 


TESTS RESULTS 
Molisch Strongly positive 
Pentose Negative 
Galactose Negative 
Uronie acid Negative 
Mucie acid Negative 
Reducing sugars Negative (before hydrolysis) ; 30% + after 
Osazones Melting point: 179 to 183° C., lowered by 
mixing with glactasazone 
Millon Negative 
Biuret Negative 
Pyrogenic activity Lost after hydrolysis 


Table Il embodies the elemental analyses of pyrogen prepared from the 
two different suspensions of Eberthella typhosa. It will be noted that the 
percentage of nitrogen is identical in both samples, being 1.5 per cent each, that 
the sample has a higher percentage of carbon, and that the percentage of hydro- 


gen and ash is approximately the same. The atomic ratios are as follows: 


C 39.4 
39.3 30 
46.7 36 
H cel - 
7.0 66 
6.7 63 
N 1.5 | 


The C:H:N ratio suggests that the product pyrogen is not a protein. It 
would be consistent with 1 @lucosamine per 5 or 6 hexose units. The C:H ratio 


is roughly that of a polysaccharide. 











60 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


The P:S:N, which is roughly 1:2:5, suggests strongly that S and P are 
present as impurities, since only one S and only two P occur for every 150 
atoms of C, 

Minimum Pyrogenic Dose: The MPD is arbitrarily defined as that dose 
which upon intravenous injection per kilogram test animal will provoke a rise 
of temperature of 0.5° to 0.6° C. within four after injection. Table TI 
summarizes the MPD doses in three species of test animals, namely rabbit, dog, 
and man. 

In a previous report,* pyrogen ‘*.A,’’ a cruder product containing 2.0 per 
cent N, was used for the calibration of Ertel pyrogen retentive pads. The MPD 
of this product was 0.1 microgram for rabbits, 0.4 microgram for dogs, and 0.5 
mierogram for men. This makes the rabbits approximately three times, and 
the dog 12 times less sensitive than man. In the present, more highly purified 


preparation, this approximate relationship still holds (See Table TIT). 


TABLE II 


ELEMENTAL ANALYSIS OF TYPHOID PYROGEN 


~ STRAIN* N Cc H Ss P \SH 


“Squibb 15 39.4 7.1 1.25 0.6] 1.4 

39.3 7.0 1.29 0.67 1.5 

Lilly* 1.5 46.7 6.7 4.2 
*The Lilly material contained equal parts of (1) Army Medical School, Panama, No. 58 
strain, and (2) Army Medical School, Rawling, No. “N” strain. The Squibb material contained 


Panama No. 58 strain. 


TABLE ILI 
MINIMUM PyROGENIC DOSES OF TYPHOID PYROGEN 


dicicienn DOSE IN MICROGRAMS PER 
EXPERIMENTAL ANIMALS NO. USED os 


KILOGRAM ANIMAL 
Rabbit 8s 0.06 
Dog & ().24 
Man 6 0.02 


The approximate minimum lethal dose of this purified typhoid pyrogen on 
the rabbit has been determined and is summarized in Table [V. It lies between 
175 and 190 micrograms per kilogram rabbit. 

It will be seen that the spread between the MPD and the minimum lethal 
dose is rather high, over three thousand times. The rabbits receiving the lethal 
doses die within two hours, in convulsions, with only moderately elevated tem- 
peratures. It is quite possible that had the rabbits lived longer, a higher body 
temperature might have developed. 

Favorite and Morgan® reported in 1942 that 100 micrograms of their 
preparation of antigenic material from Eberthella typhosa in man eaused a 


’ 


temperature rise of from 100.2° to 101.8° EF. This effect is almost within the 
range of our definition for the effect provoked by our MPD. Since our present 
material gives this rise in doses of 0.02 microgram per kilogram, or 1.2 miero- 
erams tor a 60-kilogram man, it appears that the present material is almost a 
hundred times more potent than that of Favorite and Morgan, which, according 
to one of their reports® contains 7 per cent of nitrogen. 
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It will also be pertinent to record the case of a patient who received 15 
micrograms of this purified preparation per kilogram, i.e., 750 times the MPD. 

She weighed 78.6 kilograms, with initial leucocyte count of 10,300, and 
rectal temperature of 37.5° C., a pulse rate of 96, a respiration rate of 20, and 
blood pressure of 123/80. At 2:45 p.m., she was given the injection. In one 
hour and fifteen minutes the temperature had reached 40° C., the pulse rate was 
first slightly lowered, then rose to the initial level, and the respiration was 
only slightly accelerated. The leucocyte count at this time was 6,200, a sue- 


’ 


gestive leucopenia. At 8:25 p.m., her temperature had risen to 40.9° C., pulse 
rate to 140, and respiration to 28. She vomited and was incontinent; her blood 
pressure was 70/50. She became unconscious and stayed unconscious for 48 
hours. In 24 hours, her blood pressure was 110/70, her temperature was still 
40.5°, and her pulse rate was 128. Her temperature reached normal in 72 hours. 
If this dose is near fatal, then the spread between the minimum lethal and the 
minimum effective dose in man would be in the order of hundreds and _ not 
thousands as it is in rabbits. 

No immunologic studies have been done with pyrogen, for the reason that 


we are not vet assured of its purity. 


TABLE IV 


MinIMuM LETHAL DOSE oF TYPHOID PYROGEN 


DOSE IN MICROGRAMS PER NO. OF ANIMALS NO. SURVIVING 
KILOGRAM RABBIT USED mie SS . 
150 3 3/0 
179 3 2/1 
190 3 0/3 


TABLE V 


COMPARISON OF TYPHOID PYROGEN AND RELATED PRODUCTS 


ELEMENTARY 





ANALYSIS 
REDUC- 
AUTHORS YEAR REF. RAW NAME OF M : rH ” tel N ING I 
NO. MATERIAL |SUBSTANCE PREPARATION PER |SUGARS | PER 
CENT PER CENT 
CENT 
Topley, et 1937, 7 |Bacterial bod-|Antigenic |Tryptie digestion 1,8 
al. ies material 5.3 
Henderson 1938 S Zao | L 22 
» | 
and 2.4 =| 
Morgan - see 
Dennis, et 1939 10 |Cells Pyphoid richloracetie aeid! 4.5 | 4.6 
al. Leuco- 
| cidin 
Freeman, et | 1940 9 |Cells Tryptie digestion 4,2- 32-46 
al. |Trichloracetic acid} 7.2 
|Ethylene glycol 
Morgan | 1941 6 |Growth, syn- \ntigenie |Sodium acetate es | 5.6 
thetic me- | material | and alcohol | 
| dium | precipitation | | 
Co Tui et | 1943 |Pres- | Supernatant | Pyrogen |Sodium acetate, al-| 5) | 30% | 0.61- 
al. ent | of econcen- | | cohol precipita- | 0.67 
| work} trated ty- | tion, acetone 
| phoid sus- | reprecipitation 


pension | a ian! 
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COMMENTS 


9 


A review of the works of Topley et al.,’ Freeman et al.,° Henderson and 


Morgan,* Morgan,® and Dennis and Senekjian'’ on typhoid antigens and 
typhoid leucoecidin brings out striking similarities of these substanees with the 
present product. 

Chemically, it behaves like the antigens in question: It contains a poly- 
saccharide, and it splits into reducing sugars after hydrolysis and forms osazones. 
Its elemental composition, particularly in N content, does not differ too greatly 
from that of these antigens, in view of the erudity of these various preparations, 
the differences being attributable to the different methods of preparation (see 
Table V for a compilation of the methods and the figures of elemental analyses). 
Finally, both pyrogen and these antigens are highly potent chemically, evoking 
temperature and leucopenia in microgram doses. 


SUMMARY 


1. A fever-producing principle or pyrogen from the Eberthella typhosa has 
been isolated and purified. 
2. Some of its chemical characteristics are studied. 


3. A tentative attempt is made to identify it with the typhoid antigens 
isolated from the Eberthella typhosa by other wokers. 


The authors acknowledge their indebtedness to Dr. R. Keith Cannan for invaluable advice 
in the course of this work, and to Dr. W. EF. Bunny of the E. R. Squibb Laboratories; to Drs. 
kK. K .Chen and W. A. Jameson of the Eli Lilly Company and the Lederle Laboratories for the 
bacterial material. 
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THE REAPPEARANCE OF FLICKER AT HIGH FLASH FREQUENCY 
IN PATIENTS WITH BRAIN PATHOLOGY AND 
IN NORMAL SUBJECTS* 


NORBERT ENzER, M.D., F.A.C.P.. Ernst Stmonson, M.D. 
SAMUEL S. BLANKSTEIN, M.D., MitwaukerE, WIs. 


INTRODUCTION 


URING the course of experiments on the fusion frequency of flicker,’’ a 

second and a third reappearance of flicker was observed when the speed 
of the motor was increased beyond the fusion frequency of the original or first 
flicker. This reappearance is conveniently named the ‘‘second’’ and ‘‘third’’ 
flickers respectively. Beginning with a frequeney of about 105 flashes per 
second, a faint flicker appears again. With further increase of flash frequency 
the flicker becomes more and more manifest and reaches a maximum of in- 
tensity at about 115 flashes per second. Finally, the flicker disappears at a 
frequency of about 122. After a short interval of two to five flashes per second, 
a third flicker appears; this reaches its maximum intensity between 130 and 
140 and then disappears between 145 and 150, After this, no further flicker 
was detected. 

The second and third reappearance of flicker occurs only when alternating 
current is used and not with direct current. Therefore, it must be regarded 
as an interference phenomenon between the waves of luminosity of the fila- 
ment, produced by the eyeles of the alternating current and the light flashes. 
It is an objective phenomenon, for it can be photographed directly by means 
of a movie camera or indirectly by means of a photoelectric cell and a cathode 
ray oscillograph. The second and third flickers are less distinct with a thicker 
lamp filament, because the waves of luminosity are more level. The second 
and third flickers are most manifest with a Neon bulb, because with this light 
source there is practically no inertia. Early in these investigations it was 
found that the recognition of the second and third flickers was impaired in 
patients with brain pathology and usually this was more marked than the im- 
pairment of their recognition of the first flicker. Phillips* reported a decrease 
of the fusion frequency of flicker in 8 chiasmal and in 2 out of 4 parietal 


*From the Research Laboratories of Mt. Sinai Hospital. 
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brain tumors which are independent of visual acuity and visual field. Werner*® 
found i 


a group of 20 children with brain injury a pronouneed depression 
of the fusion frequency. It seemed possible that the phenomenon of the 
reappearance of flicker might be worked out as a clinical method for the study 
of brain conditions. For this purpose, normal data for the range of the second 
and third flickers in three standard arrangements were established in 25 normal 
healthy subjects with normal vision and normal ocular structure. This material 
was used for comparison with a series of observations on 41 patients with 


various disorders of the central nervous system. 
METHOD 


We used the same rotator arrangement as in our former experiments.’ 
The beam of light from a 25 watt Mazda bulb was interrupted by a rotating 
disk with six openings; 60 cycle alternating current was used and the voltage 
kept constant by a regulator. Two disks were used. In one the relationship 
between duration of flashes and duration of dark intervals was 50:50 (50 per 
cent); in the other disk it was 17.5:82.5 (17.5 per cent). Two different square 
exposure areas were used, with a visual angle of 15 degree and 1 degree re- 
spectively. Consequently, all results concern the fovea only. A few minutes’ 
adaptation time was found to be sufficient to obtain reliable and constant 
results. The surrounding illumination was 2.0 foot-candles at the plane of the 
illuminated area and 0.32 foot-candle at the subject’s eve. The time of ex- 
posure was limited to 1.5 seconds. Three different intensities of illumination 
were used by placing a diaphragm (1, 2, and 3) with a different size opening 
in front of the source of illumination. 

Out of eighteen different combinations of size of area, intensity of illumina- 
tion, and relative duration of flashes, investigated in two normal subjects, three 
standard arrangements were chosen for the investigation of 25 normal subjects 
and 41 patients: (1) Relative flash duration 50 per cent ; diaphragm 2 (= 0.003 
candle power per sq. em.) ; visual angle 1 degree. (2) Relative flash duration 
17.5 per cent; diaphragm 2 (= 0.001 candle power per sq. em.); visual angle 
14 degree. (3) Neon bulb; relative flash duration 50 per cent; no diaphragm; 
visual angle 15 degree. Each eye was examined separately. The first flicker 
was investigated with arrangement (1). When using arrangement (2) or (3), 
the first flicker disappears at a much higher flash frequeney, so that the flieker- 
free interval is shorter. 

The maximum of the second and third flickers occurred at the same flash 
frequency in all arrangements, but the range of frequencies, over which the 
second and third flickers could be seen, ie., the difference between appearance 
and disappearance, varied. In this report the observations are concerned with 
the range of the second and third flickers. Therefore, measurement of the second 
and third flickers includes two fusion points (appearance and disappearance). 
The experimental error of the determination of the first flicker is about one flash 
per second; the error in the determination of the range of the second and third 
flickers is about two flashes per second. As with the first flicker, it was found 
impossible to affect the accuracy or range of observation of the second and 
third flickers by effort or training. 


Dele he. 








Sd nas 





ks: 


i ee ee 








ENZER ET AL.: FLICKER REAPPEARANCE AT HIGH FLASH FREQUENCY 65 


RESULTS 

Table I shows the limits, distribution, average and standard error of the 
range of the second and third flickers, established in 50 individual eye values of 
25 normal subjects. The second or third flicker is easiest to recognize with the 
Neon arrangement (highest average value, small standard error), and hardest 
at 50 per cent flash duration (smallest average, highest standard error). The 
standard error at 17.5 per cent flash duration is about the same as that with the 
Neon arrangement. The higher standard error at 50 per cent flash duration 
means that deviations are less significant with this arrangement. On the other 
hand, deviations occur earliest at 50 per cent flash duration when the values 
might still be normal at 17.5 per cent flash duration. The lowest normal limits 
seem to be the most important for clinical purposes. A pathologic decrease 
may be assumed to be present when the value is smaller by one flash than the 
lowest limit at 17.5 per cent flash duration and the Neon arrangement, and by 
two flashes at 50 per cent flash duration. 

The average range of the seeond flicker is somewhat greater than the 
average range of the third flicker, but this difference is not statistically sig- 
nificant. Differences between the right and left eves were analyzed according 
to the data on averages, standard deviations, and distribution. <A difference 
between the right and left eves in the perception of the first flicker, the second 
and third flickers with the Neon arrangement, and at 17.5 per cent relative flash 
duration, can be regarded as a significant pathologic deviation, when exceeding 
two flashes. At 50 per cent flash duration, the normal limit of differences 
between the right and left eves for the second and third flickers is three flashes. 
There was no evidence that sex or age influenced the perception of the second 
and third flickers. 

Tables II to VI give a schematie summary of the fusion of flicker findings 
in 41 cases, grouped according to their clinical diagnosis. The vision was nor- 
mal if not stated otherwise. Column 2 of Tables II to VI shows the date when 
the fusion frequency was tested. 

GROUP I, BRAIN TUMOR 
1. C. F., male, aged 29. Inoperable left frontal lobe tumor. 

2. B. W., female, aged 40. Glioblastoma of left frontal temporal area. Reseeted 1/24/40; 
followed by x-ray therapy. 93/3/41 recurrent tumor in same area removed, followed by 
x-ray therapy. 

3. O. O., male, aged 47. Glioblastoma over corpus callosum removed. X-ray therapy. 

1, R. S., female, aged 36. Diagnosis of petit mal (September, 1940). April, 1941, opera 
tion for left parietal astrocytoma. X-ray therapy. 

5. A. R., male, aged 34. Left frontal tumor removed. X-ray therapy. 

6. P. H., male, aged 46. Tumor of floor of third ventricle (infundibuloma 


The results of patients of Group 1 are shown in Table IT. For convenience. 
the lowest normal limits, taken from Table I, are added in the last line. 

All patients show complete abolition (0) or pronounced reduction of the 
range of the second and third flickers in one or both eyes at 50 per cent flash 
duration and abolition, pronounced or moderate reduction at 17.5 per cent 
flash duration. In Patient 5 the range of the second flicker at 17.5 per cent flash 
duration coincides with the lowest normal limit, while the third flicker is mod- 
erately reduced on the right and slightly reduced on the left eye. There are 
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significant differences between the right and left eyes in Patients 1 to 5 tor 
the second and third flicker, and in Patients 1, 3, 4 also for the first flicker. 
The first flicker is depressed in Patients 4 and 6 (both eyes) and in Patient 3 
on the left eye only. In Patient 4 the recognition of flicker was impaired four 
months before the first definite neurological findings were obtained to warrant 
a competent neurologist to recommend surgery. Also in Patient 6 the fusion 
frequency showed pronounced depression (first flicker) and complete abolition 
of the seeond and third flickers at a time when the neurological findings failed 
to give clear evidence. Interesting is the improvement of the recognition of 
the second and third flickers in Patient 1 after x-ray therapy, paralleling sub- 
jective improvement. In Patients 2, 3, and 5 the thicker test was performed 
after recovery from operative removal of the tumor. In these eases the redue- 
tion of the flicker is related to the effects of both tumor and operation. Since 
these cases show a pronounced deviation in the presence of considerable clin- 
ical improvement, it seems safe to assume that the deviations were not less 
before surgery, 

GROUP II, PARKINSON'S DISEASE 
7, (.S., female, aged 14. Postencephalitie parkinsonism. 
8. E. R., male, aged 36. Postencephalitic parkinsonism. 
0, BE. L., male, aged 43. Postenecephalitic parkinsonism. 
10. M. N., male, aged 42. Postencephalitie parkinsonism. 


11. C.S., female, aged 62. Mild parkinsonism. No history of encephalitis. 
TABLE ITI 
THE RANGE OF THE SECOND AND THIRD FLICKERS IN PATIENTS WITH PARKINSON’S DISEASE 


50% FLASH 17.5% FLASH NEON ARRANGEMENT 


CASE FIRST DURATION FLICKER DURATION FLICKER FLICKER 
NO. DATE FLICKER SECOND THIRD SECOND THIRD SECOND THIRD 
R L R L R L R L R L R L R L 
7 9/14/40 | 42.0) 42.0 0 0 0) 0 0 0 0 0 
|} 2/18/41 | 41.6] 41.6 0 0 0 0 0 0) 0 0 9.0) 9.0 7.91 7.2 
8 10/24/40 | 39.2 | 42.6 0 0 0 0 2 21S 7.2 10.8 
6/22/41 | 41.41438.2 3.2) 7.6] 4.4] 6.8 | 11.4/13.8 | 6.0 S.4 
9 5/25/41 | 40.2 | 43.2 £:2| 42) 3.0 | 60 (2 (iL) 11.4 LY.4- | TEAVIOZ 9.6) 11.4 
10 6/14/41 | 48.4 }49.2 6.8110.8 | 6.0 | 7.8 SG6lise | 7.2 9.6 
1] 9/10/41 | 42.0}42.0 0 0) 0) 0) 12.6] 7.2 |10.2 7.2 | 12.6/11.4] 10.8] 8.4 
Lowest normal | 42.0/42.0 | 10.8/10.8 | 9.0 | 9.0 | 13.8}13.8 |10.8 | 10.8 | 15.0} 15.0 | 13.2|13.2 
limits 


*Some subjective improvement. 


The results of this group are shown in Table III. The first flicker is near 
the lowest normal limit except in Patient 10, who has values within the normal 
range. At 50 per cent flash duration, recognition of the second and third 
flickers was abolished (Patients 7, 8, and 11) or markedly depressed. There 
was a moderate reduction, at least in one eye, at 17.5 per cent flash duration, 
and with the Neon arrangement in Patients 8 to 11, while Patient 7 showed 
pronounced reduction with the Neon arrangement and complete abolition with 
17.5 per cent flash duration. Significant differences in the recognition of the 
second and third flickers between the right and left eyes were observed in 
Patients 8, 7, and 10, although they are not consistent in all arrangements in 
Case 9. The second examination of Patient 8, performed eight months after 
the first examination, showed an inerease of the range of the second flicker, 
paralleling a subjective improvement. 
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GROUP Ill, HEAD INJURIES 


12. J. C., male, aged 62. Unconscious after injury. Headache, vertigo, and weakness. 

3. E. H., male, aged 54. Uneonscious after injury. Headache and vertigo. 

14. J. E., male, aged 36. Skull fracture. Uneonscious after injury. Complete loss of hear 
ing of right ear, secondary right optie nerve atrophy. Vertigo, intermittent headache, 
spastic gait, right hemiparesis. 

15. F. B., male, aged 31. Not unconscious after injury. Headache, vertigo, vestibular im 
balance, and slight nystagmus. 

16. W. D., male aged 21. Uneonscious after injury. Headache, vertigo, and personality 
change. 

17. A. S., male, aged 37. Uneonscious after injury. Headache, vertigo, vestibular imbal 
ance, loss of hearing, personality change. Normal encephalogram. Bloody fluid re 
moved from right posterior fossa after flicker test. 

18. J. T., male, aged 22. Unconscious after injury. Temporal lobe hemorrhage. Recovery 
after surgery. Personality change. 

19. R. F., male, aged 18. Not unconscious after injury. Jacksonian epilepsy. Improve 
ment after surgery, March, 1940. 

20. K. M., male, aged 51. Unconscious after injury. Headache. Vision 15/350. 

21. R. K., female, aged 29. Not uneonscious after injury. Vertigo, headache, disturbed 
gait, and vestibular imbalance. 

22. C. Z., male, aged 50. Skull fracture. Unconscious after injury. Headache, vertigo, and 
vestibular imbalance. 

23. J. B., male, aged 54. Uneonscious after injury. Vestibular imbalanee, loss of hearing, 
headache, and mental deterioration. 

24. R. C., female, aged 19. Uneonscious after injury. Headache, vertigo, and vestibular 
imbalance. 

25. R. G., male, aged 33. Not unconscious after injury. Headache, vertigo, and vestibular 


imbalance. 


26. C. E., male, aged 21. Uneonscious after injury. Headache, vertigo, and vestibular 
imbalance. 
27. H. J., female, aged 19. Skull fracture. Unconscious after injury. Headache, vertigo, 


and vestibular imbalance. Hearing loss, left ear. 
28. H. W., male, aged 40. Not unconscious after injury. Vertigo. Quick recovery. 


(The dates of injury and flicker test for above patients are shown in Table IV.) 


Table IV shows the results of these seventeen patients with posteoncussion 
syndrome. The clinical objective data in most of these cases are meager, in 
contrast to the pronounced complaints. In Case 22 the second and third flickers 
were abolished or greatly reduced eight weeks after the skull fracture, when 
all neurological findings were normal with the exception of increased vestib- 
ular excitability. Case 27 is similar. The results of the flicker test naturally 
depend on the severity of the injury, the progress of convalescence, and the 
interval between flicker test and injury. All cases except 17, 21, and 28 show 
abolition or pronounced reduction of the range of the second and third flickers 
at 50 per cent flash duration; abolition or pronounced to moderate reduetion at 
17.5 per cent flash duration; and moderate to pronounced reduction with the 
Neon arrangement. Patient 17, investigated six months after the accident, 
showed slightly decreased values at 17.5 per cent flash duration and with the 
Neon arrangement. Patient 21 had resumed her work several weeks before 
the flicker test. Patient 28 had suffered the slightest injury of all cases of 
this group; his values were normal, but near the lowest limit at the first ex- 


amination; there was a definite increase in all arrangements three weeks later, 
when the patient felt completely recovered again. Since the normal values of 
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‘odduction, 


months 


and Patient 16 with an interval of three days only. 


and left eye. 
out of eight with normal values of the first flicker four have significant differ- 
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the patient are not known, low normal values do not exclude a pathologic 


An improvement of the recognition of the second and third flickers 
the second examination is shown in Patient 26 after an interval of two 
(with the Neon arrangement), in Patient 12 (interval of one month 


The majority of patients 


iow significant differences of the second and third flickers between the right 


Nine of 17 patients show also depression of the first flicker, and 


ences between the right and left eves. 


GROUP IV, MISCELLANEOUS CASES 


»/y” Q 


R.S., female, aged 42. Left hemiplegia 2/2/39. Recovered. Hypertension. 
I 


.K., female, aged 37. Multiple sclerosis. 
T. S., female, aged 31. Multiple sclerosis. 
H. L., male, aged 29. 
left eye, normal, right eye with correction, 15/40. 
J. H., female, aged 13. 


epilepsy. 


Cerebral abseess drained in 1936. Ataxia and vertigo. Vision: 


Probable Jacksonian 


Onset of convulsions at 9 years of age. 


TABLE IV 


vA 


THE RANGE OF THE SECOND AND THIRD FLICKERS IN PATIENTS WITH HEAD INJURIES 


20% FLASH 17.59% FLASH NEON ARRANGEME 
DATE OF FIRST DURATION FLICKER DURATION FLICKER FLICKER 
wey =A FLICKER | SECOND THIRD | SECOND | THIRD | SECOND | THIR 
NATION R L R T R L R L R L R L R 
7/10/40 | 9/11/40 $3.2) 45.6 0) 0) 1.8; 4.2 
10/13/40 $4.0 46.0 0) 1.4 2.4) 6.2 
May 740] 7/12/41 °6.0/ 36.0 0 0 0 0 0 0 0 0 
8/26/40 | 8/15/41 39.0) 44.1 0 0 0 0 0 0 0 0 10.2) 12.6 7.8 
0/26/40 | 7/22/41 | 39.0/37.2 | 0 | 0 0 | 0 0 |) 0 0 | 0 7.2| 4.8] 5.4 
6/4] 8/12/41 15.0/49.2 () 0 0 () 0 10.2 1.2; 9.6 7.61 10.8 6.6 
8/15/41 $8.6 /)50.4 0 1.8 0 $.8 6.0) 10.2 7.8) 9.6 
1/41] 6/ 1/41 | 47.4|48.0 | 10.2} 7.2] 9.0} 8.4) 10.8} 7.2] 9.0] 8.4] 14.4]13.2 | 12.0)1 
14/41 6/23 /41 t 38.0 0 10.8 0 9.6 0) 11.4 0 10.8 0 16.8 0 l 
Child 7/14/41 39.0) 39.0 4.2; 0 1.8! 0 6.6 6.6 8.4) 6.6) 13.2) 13.2 | 12.0} 1 
h 0d 
7/15/39 | 9/11/41 | 35.4) 33.0 () 0 () 0 (| 7.2 7.2| 7.2| 9.01 6.0! 7.2 
9/31/41 |10/11/41 50.4151.6 | 10.8)15.0 | 10.2} 10.2} 15.6)13.8 | 14.4] 15.6 
8/21/41 |10/14/41 $3.2 | 44.4 0 0) (0) 0) 0; 1.8 2.4) 0 1.8| 2.4 6 
8/ 4/39 }10/14/41 | 38.4/42.0 | 0 | 84] 0 | 84} O |12.0] 4.2] 7.8] 6.6]/11.4] 6.0 
10/42] 2/17/42 36.6) 36.6 () 0 () 0 6.6] 4.8 6.6) 3.4 
9/12/41 1/10/42 34 8137.2 0 0 () 0 () 0 0) 0) 1.8) 6.0 3.0 
8/11/41 |10/23/41 10.8 45.0 0 0) () () () 0) () 0) 7.8} 13.8 8.4 
12/19/41 2.6) 45.6 0 0 0 0 (0) 0 0 0 13.8) 14.4 | 10.2 
8/18/41} 1/10/42 $3.8) 46.8 0) 1.8 5.4) 4.2] 11.4]12.6 | 13.2) 15.0 
1/ 9/42| 1/17/42 | 42.6/42.6 | 12.0)13.8 | 12.0) 12.6| 12.6] 9.6 | 12.0) 12.0 
2/ 7/42 15.6/46.8 | 15.0) 15.0 | 16.2)15.6} 14.4] 13.2 | 15.0] 13.8 
est nor- 12.0/42.0 10.8) 10.8 9.0} 9.0] 13.8)13.8 | 10.8) 10.8} 15.0]15.0 | 13.2] | 


| limits 


*Spinal puncture on August 14. 
jPatient had difficulty to discriminate the fusion of first flicker with right eye. 


Table V shows the results of Group IV. The recognition of the second 


nd third flickers is impaired in all patients, while the first flicker is depressed 
n two patients (29 and 31). 


GROUP V, NEUROLOGICAL SYMPTOMS WITHOUT DEFINITE DIAGNOSIS 


Diabetic. Nerve deafness. Right eyelid ptosis. Right external 


Paralysis of inferior rectus and internal rectus muscles. Spinal fluid 


J. C., male, aged 36. 
ophthalmoplegia. 
protein increased. 


Diplopia. 





N'1 
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6.0 
9.0 
9.6 
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). D. U., male, aged 55. Loss of superticial and deep sensation, Left arm, Astereognosis. 
Selerosis of retinal vessels. Probably vascular disease right brain. 
36, 5., male, aged 51. Spastie gait. Impaired coordination. Loss of weight. Personality 


change. Diagnosis: 
ot. Bi. 

temporal pain. 
W., male, aged 30. 


Left tendon reflex absent. 


possible brain tumor. 


R., male, aged 26. Recurrent vertigo. Paresthesia. Transient hemiparesis. Left 


Normal encephalogram. 
38. S. Weakness and numbness of jeft hand. Numbness of left thigh. 
Hemiparesis, 


9, R. B., male, aged 32 Headache. Epileptiform seizures. Onset three months after 
injury. Vision: right eve, normal, left eve, 15/100. 

10. P. R., male, aged 54. Head injury 2/2/40.) Not unconscious. Vertigo. Injured area 
painful. Increased vertigo. 

11. A. B., female, aged 38. Reeurrent attacks of syncope. Widely spread, generalized 


convulsions. Probable epilepsy. Encephalogram was normal, 
2 


TABLE V 
THE RANGE OF THE SECOND AND THIRD FLICKERS IN PATIENTS WITH MISCELLANEOUS DISORDERS 
50% FLASH 


17.5% FLASH NEON ARRANGEMEN'I 


CASE DIAG FIRST DURATION FLICKER DURATION FLICKER FLICKER 
NO. NOSIS DATT FLICKER SECOND THIRD SECOND THIRD SECOND THIRD 
R I R L R i R I R I R L R i 
29 | Hemi 9/24/40 | 3 33 0 0 0) 1.8 
plegia 
30 |Multiple | 5/17/41 | 48.4 1.8 0) ba 1.2 7.8 S.4 
sclerosis 
31 | Multiple |12/18/42 | 30.6] 25.8 (0) (0) () 0) (0) 0 0) 0 6.0! 6.6 6.0) 6.4 
sclerosis 
32 | Cerebel 10/ 7/41 $5.8} 46.4 (0) 84/0 7.2 () 10.2 7.8! 6.6 9.6112.0 | 10.2]11.4 
lar ab 
scess 
33 | Jackson 8/15/41 | 45.6| 45.6 0 0 0) 0 0 0 0 0 11.4)10.8 9.6] 12.6 
lan epi 
lepsy 
Lowest normal limits 42.0142.0 | 10.81}10.8 | 9.0 | 9.0 | 13.8}13.8 | 10.8/}10.8 | 15.0)15.0 | 13.2113.2 
*It was impossible to determine the flicker for the left eve because of interference of 
visual sensations. 
TABLE VI 


THE RANGE OF THE SECOND AND THIRD FLICKERS IN PATIENTS WITH NEUROLOGICAL COMPLAINTS 
Bur WitHovur DEFINITE DIAGNOSIS 
NEON ARRANGEMENT 
FLICKER 


D0% FLASH 
DURATION FLICKER 


17.5% FLASH 
DURATION FLICKER 
FIRST 


CASE DAT! PLICKER SECOND THIRD SECOND THIRD SECOND THIRD 
NO. ‘ ; L R L R L R L R I R L R L 
34 8/14/41 36.6| 38.4} 4.2] 6.0] 3.6! 5.4] 7.8| 9.0] 5.4] 9.0] 10.2]11.4] 9.6]10.8 
35 8/17/41 15.6|43.8] 7.2] 0 6.6| 0 |12.0] 7.8]10.2] 7.8]13.2] 8.4]11.4] 7.2 
36 7/25/41 43.8/ 44.4] 0 0) 0 0 16.2) 7.8]11.4] 9.0}17.4] 9.6] 15.0] 9.0 
37 7/11/41 15.0)49.8| 8.4] 7.2] 5.4] 9.0 | 13.2}12.6 | 10.2] 15.6 | 15.0] 15.0 | 11.4] 11.4 
38 8/23/41 46.4/45.8| 9.6] 8.4] 9.6] 8.4 | 16.2)14.4 |] 16.2] 13.2 | 17.4]15.0] 11.4] 9.6 
39 7/11/41 48.6|49.8| 13.8] 7.2] 15.0] 6.0 | 17.4} 9.6] 18.0/11.4 | 14.4]11.4 | 13.8]12.6 
9/13/41 $9.6} 51.0] 15.0} 12.0 | 18.0] 10.2 | 18.0) 14.4 | 18.0) 14.4 | 14.4 144 | 13.8] 13.8 

40 8/11/41 $0.2}40.8} 9.0)13.2) 6.0/}10.8 | 10.8) 10.2 | 11.4)}15.0 

4] 7/11/41 43.2) 45.2] 10.8] 7.8] 12.6] 8.4 | 13.8) 14.4 | 13.2} 13.2 | 16.8) 14.4 | 12.6] 13.2 
Lowest normal limit | 42.0/42.0| 10.8|10.8| 9.0] 9.0 | 13.8/13.8| 10.8|10.8 | 15.0| 15.0 13.2| 13.2 


*Some subjective improvement. 

Table VI shows the results of patients of this group. The impairment of 
the recognition of the second and third flickers is more pronounced in Cases 
34 to 36 than in ¢ 
history. 


‘ases 37 to 41, which fact appears to agree with the clinical 
In Cases 39, 40, and 41 an organic lesion was not considered likely. 
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The injury, which Patients 39 and 40 had sustained two and three years prior 
to the examination, was so slight that it could hardly account for the com- 
plaints, so that we did not feel that these cases should be placed in Group ITI 
(head injuries). In Case 38 all values were within the normal range, and the 
only deviation was a significant difference between the left and right eyes. 
The same was true for Patient 39 after recovery from an epileptic attack. The 
second examination, performed a few weeks after the attack, revealed an 
increase of the range of the second and third flickers and a diminution of the 
difference between the right and left eyes, compared to the first examination 
performed a few days after the attack. In this patient, the first flicker was 
normal and almost equal for both eyes, in spite of the different visual acuity. 
In general, the deviations of this group are less pronounced than those of 
Groups I to IV with definite brain pathology. However, Cases 4 and 6 be- 
longed to the group of patients without definite diagnosis until more definite 
findings appeared. Systematic observations of cases without definite diagnosis 
will help to evaluate the clinieal importance of this procedure. 
TABLE VII 
SUMMARY OF RESULTS 


SECOND AND THIRD 


FLICKERS NO SIGNIFICANT DIFFER 
= CHANGES| ENCES BETWEEN 
TOTAL | FIRST ABOLI- OR NEAR RIGHT AND LEFT 
- > | prisrre | a y > ES eran an ZPPR 
GROUP NUMBER | FLICKER | MON OR | ShiGHT THE EYE FLICKER 
OF CASES | DECREASE PRO- REpUC- | LOWEST 
| NOUNCED saa TAR i 
RE tog TION NORMAL SECOND 
para LIMIT FIRST AND 
TION 
THIRD 
srain Tumor 6 3 5 1 0) 3 4 
Parkinson’s Disease 5 l } l 0 2 } 
Head Injury be 9 13 2 9 10 9 
Miscellaneous Disorders 5 2 5 (0) 0) 1 l 
Total 33 15 27 4 2 16 17 
(45.5%) | (82%) (12%) (6.1%) | (48.5%) | (51.5%) 


DISCUSSION 


) 


Table VII shows the summary of results in 33 patients with definite brain 
pathology (Groups | to IV). Twenty-seven or 82 per cent show abolition or 
pronounced reduction on one or both eyes. In 31 or 94 per cent the values are 
lower than the lowest normal limit. The error, computed according to the 


formula Y 

\ n 
(Poll®), is 4.144. Since statistieal reliability is regarded to be three times this 
value, it can be predicted that the range of the second and third flickers will 
he below the lowest normal limit between 81 and 100 per cent of patients with 


| - 
ip, per cent <- p. per cent 
Pid -—— Pz I -—— where p, per cent = 100 — p, per cent 


definite brain pathology. Therefore, examination of the second and _ third 
flickers may contribute additional information to the clinical data, which are 
often not conclusive. This seems especially true for patients with posteon- 
cussion syndrome (Group III). The fact that most cases with organic lesions 
exhibit a reduction of the second and third flickers does not exclude serious 
funetional disturbances, such as epileptic attacks, as the cause of a similar 


reduction, as for example, Case 39. On the other hand, every lesion of the 
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, 


the recognition of the seeond and third 


brain need not cause impairment o 
flickers. The nature and location of the lesion, and to a certain degree indi- 
vidual reaction of the patient, undoubtedly are important determining factors, 

The second and third flickers are abolished earliest at 50 per cent relative 
flash duration. Twenty-seven out of 33 patients could not see the second and 
third flickers with one or both eves. At 17.5 per cent flash duration, 14 pa 
tients (Cases 3, 6, 7, 13, 14, 15, 16, 18, 22, 25, 26, 31, 82, and 33) were not able 
to see the second and third flickers with one or both eyes. With the Neon 
arrangement, where the second and third flickers are most manifest, its recog- 
nition was abolished in two patients only (3 and 18). Thus, the degree of 
impairment in the recognition of the seeond and third flickers can be investi- 
vated by comparison of the three different arrangements. 

In five cases (1, 8, 12, 16, and 28) clinical improvement was accompanied 
by an improved ability to recognize the second and third flickers, 

The fusion frequency of the first flicker was decreased in only 15 out of 33 
patients (45.5 per cent) on one or both eves. In all these patients the recog- 
nition of the second and third flickers was abolished or markedly reduced. 
But in the other patients with definite brain pathology the second and third 
flickers were reduced in spite of normal values of the first flicker, with the 
exception of Cases 21 and 28, who had values within the normal range. In the 
eight patients without definite diagnosis (Group V) the fusion frequeney of 
the first flicker was decreased only in case 34. It appears that the perception 
of the second and third flickers is more sensitive to brain lesions than the first 
flicker. In Patients 10, 16, 17, and 30 high normal values of the first flicker 
are associated with marked reduction of the second and third flickers. This 
suggests that the perception of the second and third flickers might be due to 
processes other than the perception of the first flicker. This is supported by 
the response to increase of light intensity, which always produces over a wide 
range of intensities (such as used in our-experiments) an inerease of the first 
fusion frequency in normals as well as in patients, while it fails to increase 
the range of the second and third flickers. 

In 17 of 33 patients with definite brain lesions there were significant dif- 
ferences of the range of the second and third flickers between the right and 
left eyes. Comparison with the clinical data show that cerebral lesions, if 
localized on one side, usually decrease the function of the visual center of the 
opposite side, although to a lesser degree than the depression of the center 
on the same side. It appears that there is a general disturbance of cerebral! 
functions associated with local cerebral lesions. This general effeet disap- 
peared with improvement of the condition of Patient 1 after x-ray therapy. 
As a rule the reduction of the range of the second or third flickers was more 
pronounced on the side opposite the cerebral lesion, except for some cases with 
frontal lobe lesions. This would agree with Elsberg and Spotnitz’ observa 
tions, made by means of another visual method (refractory period of adaptation). 

While further investigations of the nature of the second and third flickers 
are desirable, the clinical importance of this phenomenon can only be demon- 
strated by comparison of normal subjects with patients in standard conditions. 
The accuracy with which the phenomenon can be reproduced depends: (1) on 
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~~ 


3) 


the reproduction of size of area illuminated, (2) surrounding illumination, 
illumination of the test patch, (4) relative duration of flashes, and (5) con- 
stancy of the cycles of the alternating current. Reproduction of conditions 

1) to (4) is easy; the data are given in this paper. A deviation of the inten- 
sity of illumination of +20 per cent would not influence the results. We have 
inquired at the Wisconsin Electric Power Company in regard to the constaney 
of the eyeles of the alternating current. They report that the variation trom 
60 cycles does not exceed a few hundredths of one per cent in Milwaukee as 
well as in other cities of this country using 60 eyeles A.C. The same phenemo- 
non could be obtained also with any other frequency of eyeles, but in this case 
new normal standards would be necessary. The use of the same type of electric 
bulb (25 watt Mazda), whieh ean be regarded as standardized, is also im- 


portant. 
SUMMARY 


When using alternating current and increasing the frequency of light 
flashes in a rotator arrangement beyond the fusion frequeney of the first 
flicker, a second flicker appears at a higher frequency and, after its disappear- 
ance, a third flicker appears at a vet higher frequency. It is an objective 
phenomenon, for it can be photographed. It is due to interference of light 
flashes with fluctuations of luminosity. In 31 of 35 patients with cerebral 
lesions the recognition of the second and third flickers was abolished or greatly 
reduced as compared with the lowest limit of 25 normal subjects. In two pa- 
tients the reduction of the second and third flickers was noted before any other 
indieative neurological findings could be obtained, and in another patient there 
was a marked reduction eight weeks after head injury when the neurological 
findings were considered normal. Clinical improvement in five patients was 
accompanied with improved recognition of the second and third flickers. In- 
vestigation of eight patients with nervous symptoms but without definite diag- 
nosis of cerebral lesion revealed lesser deviations, 


It is a pleasure to acknowledge our appreciation to Dr. D. Cleveland (Attending Neuro- 
urgeon and Professor of Neurosurgery at Marquette University Medical School), Dr. S. Pollack 
(Attending Neurologist and Assistant Clinical Professor of Psychiatry at Marquette University 


Medical School) and Dr. M. S. Fox (Attending Otolaryugologist), who supplied most of the cases. 
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QUICK PARAFFIN METHOD FOR SMALL BIOPSIES* 


ALICE E. SLAVKIN, B.S., New York, N. Y. 


one there is need for a quick microscopic examination of 


biopsy fragments too minute for satisfactory preparation of frozen see- 
tions. It has been found that satisfactory paraffin sections may be obtained 
within an hour by the following procedure: 

1. Fix in 4 per cent formalin or in Zenker’s fluid at room temperature for 
ten minutes. After Zenker fixation, wash in several changes of tap water. 

2. Stain in any hematoxylin used routinely for one minute so that the 
pieces may be more readily seen in the block, 

3. Wash in tap water. 

4. Dehydrate in alcoho] 80 per cent three minutes; 95 per cent, three 
minutes; absolute, three minutes. Clear in xylol, five minutes. 

5. Transfer to melted paraffin at 56° C. five minutes and a second paraffin 
at 56° C. for five minutes. 

6. Embed in paraffin. 

7. Cut thin sections; transfer to slides and dry fon 
50° €. Cool slides. 


‘five to ten minutes at 


8. Staining procedure as usual for paraffin sections. After Zenker fixation 
use Lugol solution as usual. 

If special stains are required, the hematoxylin may be decolorized in 1 
per cent acid aleohol. 


*From the Department of Bacteriology, New York Post-Graduate Medical School and Hos- 
pital, Columbia University. 


Received for publication, May 8, 1943. 
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THE LABORATORY DIAGNOSIS OF TUBERCULOSIS 


A COMPARATIVE Stupy oF ANIMAL INOCULATION AND Microscopic EXAMINATION 


MetvIn EF. Koons, M.Sc., M.P.H.,* Granp Forks, N. D. 


N THE past forty years there has been a tremendous decline in the death 

rate from tuberculosis in the United States. In 1904 the National Tuber- 
culosis Association was formed and since that time much has been accomplished 
by organized effort to control tuberculosis. Many factors can account for the 
lowering of the annual incidence of tuberculosis cases: the organization of 
medieal men, public health workers, sanitariums, welfare agencies, ete., and 
the near elimination of tuberculosis in dairy cattle and widespread pasteuri- 
zation of milk in the United States. These things will not be discussed here, 
as we are more interested in the laboratory diagnosis of tuberculosis. 

As tuberculosis has been brought under better control and cases have be- 
come fewer, its diagnosis is much more likely to be delayed or missed. Certain 
conditions have many signs and symptoms in common with tuberculosis and 
must be considered in differential diagnosis. These include pneumonia, bron- 
chiectasis, pulmonary abscess, neoplasms of the lung, pulmonary fibrosis, the 
pneumoconiosis, and the more recent virus infections of the upper respiratory 
tract. 

Three well-known and time-tested diagnostice aids are available to assist 
in establishing the diagnosis of tuberculosis. These include the tubereulin 
test, the x-ray, and the detection of tuberele bacilli in the sputum and body fluids. 

Of the diagnostic aids available for assistance in establishing the diagnosis 
of tuberculosis, we, in this paper, are only interested in the determination of 
the presence of tubercle bacilli by laboratory methods. The laboratory diag- 
nosis of tuberculous infection involves only the methods that have been de- 
veloped for the identification of the tuberele bacillus. There is also an increasing 
use of the laboratory facilities for determining the infectivity of early and 
convalescent cases. In early tuberculosis the finding of the tuberele bacilli 
is the most important and sometimes the only decisive finding in the exami- 
nation of the patient. The aid in diagnosis which the laboratory can furnish 
by demonstrating the presence of tubercle bacilli in sputa and body fluids is 
too generally recognized to require emphasis. The most important method of 
laboratory diagnosis in tuberculosis is the finding of the tubercle bacilli in a 
suspected fluid or tissue. 

There are three methods available for the examination of specimens sub- 
mitted to the laboratory for tuberculosis. They are: (1) microscopic exami- 
nation, (2) cultural methods, and (3) animal inoculation. The comparative 
study presented here deals only with the microscopic examination and animal 
inoculation. 


Presented before the North Dakota Academy of Science, April 30, 1943. 
*Director, Division of Laboratories, North Dakota State Department of Health. 
Received for publication, May 8, 1948. 
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The microscopic examination is the original method of demonstrating acid 
fast bacilli, and even though it has been refined through concentration methods 
and is used routinely in most laboratories it still has its limitations. 

The tuberele bacilli do not stain easily with the ordinary aniline dyes and 
belong to a group of bacteria which is known as ‘‘aeid-fast.’’ These organisms 
hecause of a wax contained in them, stain with difficulty, but once stained the 
dye is retained in spite of treatment with alcohol and strong acids. This acid- 
fast phenomenon has furnished laboratory workers with a basis for differential! 
staining. However, microscopic examination alone cannot distinguish between 
tubercle bacilli and other types of acid-fast bacilli, of which there are many. 
Ziehl-Neelsen’s method of staining smears for tubercle bacilli is most generally 
used in all laboratories. 

The direct smear examination is a rough method of screening out the 
obvious positives. It has been estimated that in order to find acid-fast organ- 
isms on a slide there must be 100,000 ore 


anisms peL-aic. Also one has to con- 
sider errors of the technique employed in preparation of smears to be ex- 
amined. However, despite the limitations of the direct smear, it is universally 
used as a satisfactory means of examining routine laboratory specimens for 
evidence of the tuberele baeilli. 

The cultural method will not be discussed here because we have been more 
or less unsuccessful, although more effort is being expended toward improve- 
ment of technique, ete., which we hope will lead to better results. 

During the past few vears several culture media have been devised which 
seem to give practical results of high efficiency. In cultural work great care 
should be taken in the collection of the specimens, especially gastric washings 
and urine specimens; otherwise, the laboratory worker is beset with contami- 
nations. It is hoped that in the near future a comparative study will be pre- 
sented between cultural and animal methods for the detection of tuberele bacilli. 

Animal inoculation continues to be the method of choice in our labora- 
tories. It offers a reliable means for detecting the presence of tuberele bacilli 
in body fluids, especially those where only a few organisms are found. The 
guinea pig is the most popular animal and has been used extensively in the 
past because one can distinguish between pathogenic and nonpathogenie acid- 
fast bacilli. So far no medium has ever entirely equalled guinea pig inocula- 
tion in reliability. The animal inoculation method is time-consuming (at least 
six weeks), costly, and a certain percentage of the animals die before the end 
of the test period from secondary infections. The latter factor seems to be 
the most serious objection to the use of animals. However, as shown in this 
study, by concentration and digestion of the specimen to be examined and 
careful handling of the animals, only a small percentage of the guinea pigs 
injected is lost. Our experience has been unlike that of most laboratory 
workers in this respect; many reports have shown a loss of from 10 to 20 per 
cent of inoculated animals from intereurrent infection, but, as shown later, 
our loss in this series has been only 2.5 per cent. 


SPECIMENS 


The specimens used in this study were submitted by physicians in North 


Dakota and in all instances animal inoculation was requested. However, the 
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specimens were examined microscopically as well as by guinea pig injection. 
The majority of the specimens was received in sterile containers sent out from 
the laboratory; those not shipped in our containers were sent in in almost any 
type of miscellaneous container. At no time was any of the specimens more 
than forty-eight hours in transit, and they were examined microscopically and 
injected into animals the day they were received. 

All specimens of sputa, pleural fluid, pus and gastrie washings were con- 
centrated and digested before being examined. Specimens of spinal fluid, 
hydrocele fluid, and urine were centrifuged in a high speed angle centrifuge 
for thirty minutes, after which the supernatant fluid was poured off and the 


sediment used for examination. 
CONCENTRATION 


As noted above, all specimens except urine and spinal fluids were sub- 
jected to concentration and digestion. Before examination, each specimen was 
treated as follows: Equal parts of the specimen and 4 per cent aqueous solu- 
tion of sodium hydroxide were placed in a wide mouth stoppered bottle. The 
mixture was then shaken vigorously until homogeneous, plaeed in a 37° C. 
incubator for thirty minutes, and shaken at least three times during the incu- 
bation period. The specimen was then centrifuged at high speed (approxi- 
mately 2,500 revolutions per minute) for thirty minutes, after which the super- 
natant fluid was poured off. A few drops of an indicator (0.04 per cent brom 
thymol blue) were added and mixed. The mixture was then neutralized by 
adding drop by drop one per cent HCl. As soon as specimen had been neu- 


tralized, it was ready for examination. 


TABLE I 


TOTAL SPECIMENS EXAMINED MICROSCOPICALLY FOR TUBERCLE BACILLI 


PER CENT 


SPECIMEN POSITIVE NEGATIVE TOTAI 
POSITIVI 
Sputa 10 86 96 10.4 
Pleural Fluid | 134 138 2.9 
Spinal Fluid l $2 13 2.3 
Urine 13 16] 174 7.4 
Gastrie Washings 8 96 104 ef 
Miscellaneous 35 35 a 
Total 36 554 590 6.1 





MICROSCOPIC EXAMINATION 


Smears were made from the sediment after digestion and concentration of 
the specimen. New slides were always used in making preparations. Fairly 
thick smears were made in most instances where there was sufficient sediment. 
Smears were prepared in the usual manner and stained by Ziehl-Neelsen’s 
method. All smears were examined under the oil immersion lens of a binocular 
mieroseope, with wide field oculars, an average of fifteen minutes being spent 
on each slide. 

Table | shows the result of the microscopic examination on 590 specimens. 
It will be noted that in 36 instances acid-fast bacilli were found; this was 6.1 
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per cent of the total number of examinations. It is interesting to note that 
the highest percentage (10.4 per cent) of positives was found in the sputum 
specimens and the lowest percentage (2.3 per cent), in spinal fluid, although 
in the miscellaneous specimens (pus, hydrocele fluid, ete.) no acid-fast bacilli 


were observed in the 35 eases. 
ANIMAL INOCULATION 


After smears were made from the sediment, approximately 2 ¢.c. of sterile 
normal saline were added to the remaining sediment; this was shaken vigor- 
ously and then the total amount was used for inoculation. Each animal was 
injected subeutaneously in the inguinal region. All animals were placed in 
individual cages for a test period of not more than six weeks. (Note later 


under ‘‘Care of Animals.’’) 
TABLE IT 


ToTalL SPECIMENS EXAMINED FOR TUBERCLE BACILLI BY ANIMAL INOCULATION 


PER CENT 


: UNSATIS- PER CENT bya says 

SPECIMEN POSITIVE | NEGATIVE |. TOTAL sass UNSATIS 

FACTORY POSITIVE . 

FACTORY 
Sputa i5 SO l 96 15.6 1.0 
Pleural Fluid $3 93 2 138 31.1 1.4 
Spinal Fluid 14 29 i. 43 Byes = 
Urine 292 146 6 174 12.6 3.4 
Gastric Washing’s 30 69 5 104 28.8 4.8 
Miscellaneous 5 29 l 35 14.2 2.8 
Total 129 446 15* 590 21.8 2.5 


* Animals died before the usual six weeks’ test period ; reported as unsatisfactory ; micro- 
scopic examination negative in all instances. 

Table Il shows the results of the animal inoculation on the same 590 
specimens as listed in Table I for microscopic examination. <A total of 129 
cases, or 21.8 per cent of the guinea pigs, were found to be positive. The 
highest percentage (32.5 per cent) of positives was obtained with spinal fluid 
specimens, and the lowest (12.6 per cent), with urine specimens. In 15 in- 
stances, or 2.5 per cent of the total number of animals inoculated, results 
were unsatisfactory. In all of these cases the animals died from one to three 
weeks after injection. All animals were autopsied and death accounted for 
from intercurrent infection. Microscopie findings were negative in all 15 
specimens used for inoculation. Premature mortality in only 2.5 per cent of 
the total cases does not seem to be a very high incidence of unsatisfactory 
Cases. 

Table III shows the results obtained on the specimens by both the micro- 
scopic examination and animal inoculation. As noted, the total number of 
positives obtained by both methods was 142, or 24.0 per cent of the total. By 
the microscopic examination, 36 cases, or 6.1 per cent, were positive, and by 
animal inoculation, 129 cases, or 21.8 per cent, were positive. 

This means that by animal inoculation we were able to pick up 98 more 
cases (15.7 per cent) than by microscopic examination or a combination of 
the two methods. One can readily see that those fluids which are exceedingly 
difficult to examine microscopically gave a significantly higher number of posi- 
tives through animal injection; i.e., on pleural fluids we had 43 positives with 


inoculation and only 4 positives microscopically ; on spinal fluid, 14 positives 
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with inoculation and 1 positive microscopically ; on gastric washings, 30 posi- 
tives with inoculation and only 8 positives microscopically. 


COMPARISON OF METHODS 


Table IV shows complete agreement and disagreement between the two 
methods on the specimens. It will be noted that in only 23 instances was 
there complete agreement between the two methods as far as positive results 
are concerned. This is only 4 per cent of the total number of specimens 
examined. There was complete negative agreement in 453, or 75.3 per cent, 
of the cases. Interesting to note is the fact that in 106 cases, or 18.4 per cent, 
there was complete disagreement; the microscopic examination was negative 
and the guinea pig, positive. This is the most significant fact shown by this 
study. In only 13 cases, or 2.3 per cent, were microscopie findings positive and 


the guinea pig negative. These 13 cases were accounted for as follows: 


TABLE III 


TOTAL SPECIMENS EXAMINED MICROSCOPICALLY AND BY ANIMAL INOCULATION 
FOR TUBERCLE BACILLI 


TOTAL ANIMAL MICROSCOPIC 
TOTAL | POSITIVE | PER CENT 
ier trey PER CENT PER CENT 
SPROUEEN NO, ANY POSITIVE | POSITIVE eens | POSITIVE Hea 
sae POSITIVE POSITIVI 
METHOD | 
Sputa 96 20 20.8 iD 15.6 10 10.4 
Pleural Fluid 138 $4 31.8 13 31.1 4 2.9 
Spinal Fluid 43 14 32.5 14 32.0 1 2 
Urine 174 27 15.5 22 12.6 13 7.4 
Gastrie Washings 104 32 30.7 30 28.8 8 hod 
Miscellaneous 35 5 14.2 5 14.2 — 
Total 990 142 24.0 129 21.8 36 6.1 


TABLE IV 


COMPARISON OF Microscopic EXAMINATION AND ANIMAL TEST ON SPECIMENS 
FOR TUBERCULOSIS 


EXAMINATION TYPE OF SPECIMEN 
PLEURAL GASTRIC | MISCELL 
SPUTA URINE anes rane TOTAL 
| FLUID WASH. ANEOUS 
PER -~ | PER | PER | PER | PER , PER 
; ‘ Taare . NO, ae NO, | ae NO. aaa NO. NO.] NO. eae 
Microscopie Guinea Pig CENT | CENT CENT CENT CENT CENT 
2, | 
Complete Agreement | 
Negative-Negative 75| 78.9 | 141] 84.0 92 | 67.6 |67] 67.7| 58 {75.4 |4383 | 75.5 
Positive-Positive a1 oe S a o 2.2 | 6 6.1 1} 1.2 | 23 $.0) 
Total 80 | 84.2 | 149] 88.7 | 95 | 69.8 |73 | 73.8) 59 |76.6 |456 | 79.3 


Complete Disagreement 


Negative-Positive 10 | 10.5 14 8.3 10 | 29.5 |24 94.9} 18 193.4 1106 18.4 

Positive-Negative a SoS: 5 3.0 l O.7 | 2 2.0 13 Pas. 
Total 15 | 15.8 19) A073 11 1-30.82 |26| 26.2) 18 {23.4 |119 | 20.7 
Grand Total 95 168 136 99 77 57>" 


*Fifteen animals died before completion of test period (not included in total). 


There were 5 urine specimens, 5 sputum specimens, 2 gastrie washings, and 


| pleural fluid. The urines were not catheterized specimens, and one has to 
consider that the acid-fast organisms observed microscopically could have been 
nonpathogenic. In the other specimens the organisms could have been ren- 
dered unviable during digestion and concentration, or they may have died in 
transit. No attempt is being made here to give an explanation of why these 
cases were missed through animal inoculation for no definite proot could be 
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obtained, inasmuch as all specimens had been discarded before the animals 
were killed. We have, however, mentioned several factors which could have 
been involved. 


CARE OF ANIMALS 


The proper eare ot animals used for isolation of tubercle bacilli is im- 
portant. The guinea pigs used in this study were of no particular strain; 
only healthy animals weighing between 250 to 300 Gm. were injected. Each 
animal was placed in an individual cage with a removable tray at the bottom 
which tends to keep the cage clean at all times. The animal room is warm 
and bright with sunshine approximately five hours a day. Each animal is fed 
and watered every morning, the usual food being ‘‘Purina Complete Ration 
Checkers,’’ supplemented with hay, carrots, and greens when obtainable. Each 
cage is clearly marked as to date of inoculation and date due for autopsy: 
at the completion of each test period the animal cages are thoroughly cleaned 
and sterilized before a new animal is placed in them. At the end of the six 
weeks’ test period, if the animal has not died previously, it is autopsied and 
examined for typical tuberculosis findings. Smears are generally made to con- 


firm diagnosis except in the most frank cases. 
CONCLUSIONS 


1. In the routine examination of specimens for evidence of tubercle bacilli, 
microscopic examination should be supplemented by animal inoculation. 

2. Specimens for detection of tubercle bacilli should be examined routinely 
by at least two methods. 

3. In the 590 cases examined for the detection of tubercle bacilli, animal 
inoculation proved to be far superior to the microscopic examination, 

4. A certain percentage ot ‘*nositives’”’ will be missed by any type oft ex- 


amination when a comparative study is made. 
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AN ADHESIVE NONDRYING ELECTRODE PASTE?* 
WILLIAM J. TurNerR, M.D., AND CHARLES S. Roperts, M.A., Norruportr, N. Y. 


TIME-CONSUMING measure in electroencephalography, as well as a 
A frequent source of artifact, is the application of electrodes to the sealp. 
Gibbs and Gibbs! state that ‘‘no one should consider himself trained in this 
procedure until he has applied at least 300 electrodes. An expert will not have 
to replace one electrode in 50.’’ During a recent course which was conducted 
at this Faeility, it became imperative to enable an inexpert person to apply 
electrodes with ease and assurance. It seemed to us that an improved paste 
might be of value in this regard. 

We thought a desirable paste should be nondrying and adhesive. Although 
perfect adhesiveness has not yet been achieved, we have settled on the following 


formula for a tacky paste which does retain its moisture indefinitely : 


Bentonite, 200 mesh, 100 Gm. 
Saturated solution of ealeium ehloride, 
BR) ©@.e. 


This is simply mixed into a paste and tranferred to a suitable container. 
We have kept this paste in an open jar for several months and found that only 
a few drops of water were then required in order that it regain maximum 
stickiness. We apply a thin layer to an electrode whieh has been corrugated on 
one surface. (We prepare our electrodes by melting a small ball of rosin-core 
solder about the coiled end of a fine copper wire, and by pressing on the molten 
ball firmly and quickly with a nail file.) The eleetrode is applied in the 
usual manner. Where the hair is too short, the electrode is held in contact with 
the sealp by a hard wax pencil. A few drops of 3 per cent collodion in acetone- 
ether are applied over the electrode and dried rapidly by an air blower. 

With this paste a wholly inexperienced person is able to apply 8 electrodes 
in fifteen minutes with complete assurance. Approximately 160 electroenceph- 
alograph examinations have been performed, using this paste, without the 
occurrence of a single electrode artifact. Comparisons with the usual electrode 
paste tracings reveal no significant differences in the record. Electrodes have 
heen left on for hours without evidence of drying out of the paste. 


REFERENCE 
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*From the Neuropsychiatric Research Unit, Veterans Administration Facility. 

Research Paper No. 6, Neuropsychiatric Research Unit, Veterans Administration, North- 
port, New York. Published with the permission of the Medical Director of the Veterans Admin- 
istration who assumes no responsibility for the views expressed herein. 
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DARK-FIELD DIAGNOSIS OF PENILE LESTONS* 


DIFFERENTIAL MOoviILiry CHARACTERISTICS OF TREPONEMA PALLIDUM 


Mayor RevuBEN Cares, M.C., U. S. ARMY 


HE earliest possible diagnosis of syphilis by the several laboratory pro- 

cedures invariably points to a first choice of the dark-field procedure. Even 
with the advent of the more sensitive serologic tests, comparative data disclose 
the highest percentage of positives are obtained with dark-field) examination. 
MeNabb, Matthews, and MeClure! found 72 per cent positive by dark field c¢om- 
pared with 64 per cent by multiple sensitive flocculation tests, with stained 
smear diagnosis ranking third with 59 per cent positive. In seronegative cases 
they found 94 per cent positives by dark field. 

Corollary tests or procedures to supplement the dark-field method, because 
of unfamiliarity with its technique, have been suggested. MeDaniels? considered 
the value of serologic study of fluid aspirated from lesions but admitted the 
difficulties attendant on consistently obtaining suitable material. In a compara- 
tive study of dark-field examinations with the nigrosin stain, Nagle and Graul 
found seemingly close correlation. Here again variable factors inherent in the 
study of smears obtain, such as distortion by drying, pseudospiral organic 
matter, ete.; these are common to all types of stain preparations. In this 
connection, we are in agreement with Casselman* that none of the various 
staining methods, silver impregnations, aniline dyes, or contrast backgrounds of 
the India Ink type should supplant the dark-field test. No other procedure can 
yield such itemized criteria as does dark-field study of the living syphilis organ- 
ism. What difficulties and errors in diagnosis attend dark-field studies ean 
be laid at the door of unfamiliarity with characteristic motility and morphology. 
Stokes? has rightly questioned the desirability of placing dark-field apparatus 
in the hands of the untrained or inexperienced laboratory worker. As he states, 
‘after seeing some of what purports to be treponema pallidum in current mov- 
ing pictures, one begins to wonder whether the only real one is that observed by 
darkfield from lymph nodes and from seraped papules on the glabrous skin in 
undoubted secondary and recurrent eruption.’’ It is our purpose to deseribe in 
fullest detail the dark-field features of Treponema pallidum. Sustained observa- 
tion of the spirochetes has disclosed a very broad range of motility characteris- 
ties. Available texts do not deseribe these in sufficient detail. 


MATERIAL AND METHOD 


We have had the opportunity of studying early lesions in a military hospital 
where optimum conditions for sustained case studies existed. Repeat and follow- 
up checks were complied with uniformly. Kahn and Wassermann tests and 
smears stained by a wide range of indicated stains were routinely made. It was 
always kept in mind, however, that these procedures were never more than cor- 
roborative. 


*From the Station Hospital, Camp Cooke, California. 
Received for publication, June 17, 1943. 
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CARES: DARK-FIELD DIAGNOSIS OF PENILE LESIONS 

Many of the penile lesions were even too early to be suitable for dark-field 
examination. Patients have reported to the laboratory within one to three days 
following the appearance of minor sores or ‘‘pimples’’ of 1 to 2 mm. diameter. 
The first appreciable serum obtainable after daily attempts presumably con- 
tained the earliest organisms with the attendant vigor of a young growth. 
Motility here would be at its optimum for study. Inhibition of the several forms 
of motility would be at its minimum. With such highly suitable material, the 
highest possible efficiency in dark-field diagnosis is reached, i.e., well within the 
first two weeks of the primary lesion. 

One hundred consecutive cases of penile lesions were examined in a six 
months’ period, 14 of whieh were positive for syphilitic spirochaeta. Dark-field 
search was made on all lesions and repeated daily or on alternate days for a 
series of four examinations on the individual patient before reporting negatives. 
The interval of one or two days was based on the appearance and size of the 
lesion. Those of greater extent were observed over six to eight days. In a few 
eases, small nonspecifie lesions or superficial ulcerations healed within two or 
three days, terminating further laboratory examinations. None of these latter 
sores were ever found positive for the syphilis organism. 

Several cautions in dark-field procedure were constantly observed to reduce 
the fallibilitv of various factors: 

1. The Location, Character, and Size of the Lesion (or Lesions ).—These 
were studied for suggestive clinical features. It cannot be emphasized too 
strongly that the lesion may or may not conform to the classical description of 
the hard chanere. Eisendrath and Rolnick® list seven forms of syphilitic chanere. 
They point out how often any apparently simple lesion proves to be a primary 
one. We are in accord with Brown’ and, more particularly, Braneh,* who have 
stressed the frequent absence of typical features of the syphilitie chanere—the 
hardness, painlessness, and swelling of inguinal nodes. In a high proportion of 
cases we have found lesions ranging from shallow, soft minimal ulcerations 
(quasi abrasions) to multiple broad necrotie sloughs, in all of which the presence 
of painlessness or induration was disconcertingly inconstant. Many lesions were 
SO fully infected, covered with pus or tenacious shagey fibrin, as to render collee- 
tion of serum difficult. We observed two lesions which were essentially deep- 
seated abscesses with erosion and rupture through small skin perforations, from 
which considerable inspissated pus could be expressed. Surprisingly, one of 
these was positive for Treponema pallidum with a simultaneous 8 plus Kahn. 
That this secondary suppuration is sufficiently frequent and can interfere with 
dark-field examination is attested to by various attempts to obviate this diffi- 
culty. Friedman’ has recently devised a method for proper preparation of this 
type lesion following procedures suggested by earlier authors. 

Two lesions consisted of nothing more than a diffusely hyperemic, moist 
vlans penis with apparent denudation of large areas and no recognizable foeal 
uleeration. A free flow of serum was positive in both eases. A ease of erosive 
balanitis due to Vineent’s infection was encountered, of the type discussed by 
Madden.?® It is desirable but not essential to remove the interfering pus cells 
from the serum. The feature of interfering bleeding and blood contamination 
again was observed to bear no constant relation to the character of the lesion. 
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The older, characteristic, true chancre withstood cleansing manipulation more 
readily without appreciable bleeding but this was by no means invariable. 

2. Efficiency of Collection of Material—Two much care cannot be exercised 
to insure, first, a clear serum. Secondly, as copious an amount (or flow) of 
serum as possible should be obtained. This is especially important in the early 
or small lesion or in a nearly healed lesion examined for the first time. Thirdly, 
serum should be collected by a capillary tube as near as is possible to the depths 
of the lesion, in preference to fluid obtained from the walls or edges of an exist- 
ing erater. After the usual sponging and direct cleansing of the lesion with 
saline-soaked cotton, repeated once or more if bleeding or pus exudes, the lesion 
is wiped dry and readied for collection of serum. Direct squeezing, expression, 
or suction bulb manipulations of the lesion were found unsatisfactory, as bleed- 
ing occurred too often. The most efficient method was to induce marked venous 
congestion just proximal to the lesion, maintained continuously for as long as five 
minutes by an annular grasp by the operator’s thumb and forefinger. The con- 
stricted end of the penis assumes a dusky red or even ecyanotie hue. The stasis 
of the organ around the chanere usually induces a ready flow of serum. The 
serum may flow copiously even after the release of constriction. Bleeding is 
minimized since no direct trauma or drastie suction is exerted on the raw, ex- 
posed surface. Little or no tissue particles, or pus or fibrin, usually liber- 
ated by direct squeezing, will be mixed with the serum. 

3. Efficiency of Dark-field Exramination—(a) FEquipment.—The several 
makes of dark-field apparatus available are all efficient. There is some advantage 
to those equipped with a substage 6 to 8 volt lamp. In addition to the optieally 
fixed light source the moderate amount of heat generated warms the slides suf- 
ficiently to enhance or maintain motility of microorganisms. 

(b) Darkness of Field and Amount of Fluid.—The thickness of the fluid 
layer examined will affect the darkness of the field. The thicker the layer, 
the blacker the background. Undue pressure as by raising the substage con- 
denser too much will tend to render the fluid dark-brown, lowering contrast of 
the illuminated suspended objects. In addition, too much fluid eauses discon- 
certing currents when focusing, because if the coverslip ‘*floats,’’ vertical mo- 
tion of the objective in focusing will depress or release the coverslip. As the 
fluid dries out or changes temperature, convection currents arise and a too rapid 
flow of fluid across the oil immersion field occurs. The organisms studied will 
have to be ‘‘chased after’? by moving the mechanical stage too rapidly. The 
serum drop should just reach to the margins of the coverslip. Drying may be 
retarded by vaseline—ringing the edges if prolonged observation is also needed. 
An overflow along the coverslip edges with too much serum will cause these 
rapid currents. Too large a drop with a greater depth of the fluid allows the 
organism to move vertically or ‘‘dive’’ too quickly out of foeus. The spirochete 
will be viewed end on instead of laterally; coil arrangement and motility are 
rendered difficult to determine, At the other extreme, too small a drop in the 
center of the coverslip preparation gives too shallow a fluid layer, which, drying 
rapidly, euts short the useful period of dark-field observation. 

(c) Interfering Factors.—Pus cells, glass scratches, and red cells generally 


are so highly refractile that a blinding glare results. Visual accommodation for 
spirochetal outlines is rendered difficult. The effect is comparable to the situa- 
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tion in driving a ear at night. One knows how hard it is to concentrate on 
dimmer objects along a roadside in the same field of view as an oncoming ear’s 
blinding headlights. The importance of obtaining as clear a serum as possible 
is readily understood. 

(d) Artefacts Simulating Spirochetes—Glass scratches even on new slides 
or coverslips of good quality will occasionally have a quasi-spiral appearance. 
Their obvious nonmotility and ineonstaney in size rules them out quickly. Bae- 
terial forms, such as a granular more or less bent rod, will impart a false spiral 
outline, A short streptococcus chain will give a row of refractile points. With 
active Brownian movement and possibly an annoying current, definitive focusing 
may be difficult to maintain. Errors could arise in this manner. 

Our findings in 100 patients with penile lesion may be tabulated as follows: 


TABLE I 


PENILE LESIONS POSITIVE FOR SPIROCHETES 
as a . icine renrreaae: Ss VINCENTS? 
CASE NO. rk. PALLIDUM B. REFRINGENS SP. PHAGEDENIS 
SPIROCHETES 


SS Cte TODO 


~] 


Se ee ee | 


20 1t 
Total 14 6 3 l 
*Double or ‘Kissing’ lesions, both positive for Tr. pallidum. 
7Possible microdentium, found in one of five daily examinations on the same case. 


Brief mention of the several spirochetes may be made. <As seen in this tabu- 
lation, infection with two species occurred three times, twice with the pallidum, 
once with two nonspecific spirochetes. One small delicate organism listed as a 
possible microdentium was seen; follow-up clinical and serologic studies ruled 
out syphilis in this ease. Branch* found a ratio of 40 syphilitie spirochetes to 
11 nonspecific spirochetes. Our ratio of 14 pallida to 10 nonspecific organisms 
is higher. Our series is too small to draw statistical comparison. 


MOTILITY CHARACTERISTICS OF TR, PALLIDUM 


In textual descriptions of the several spirochaeta, physical characteristies 
of movement and shape have been loosely combined. They can be separated as 
they can be demonstrated to be independent of one another. Locomotion or pro- 
gression is one form. The other form is related to changes in shape or outline. 

The following discussion is concerned chiefly with the specific spirochete of 
syphilis. It is felt that thorough familiarity with the physical behavior of this 
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organisms will facilitate differentiation from other genital spirochaeta. Since 
differential tabulations of several nonspecific species are available in the de- 
tailed review by Rosebury'! and elsewhere,’?*” only pertinent reference to 
distinctions among penile spirochaetae will be made. 

Consideration of the physieal behavior of the spirochetes will be greatly 
clarified by comparison with that of a steel coiled spring of a quality and elas- 
ticity encountered in precision instruments. This example instead of the ‘‘eork- 
serew’’ description is preferable. A spring can be changed in shape, not so a 
corkscrew. Keeping in mind the coil spring structure, the side illumination of 
the dark-field does not light up uniformly each loop of the spiral. The light 
generally seems to strike on the front or nearer lateral half of coils. The effect 
is very often a series of bright commas or parenthesis marks. The usual deserip 
tion of a ‘‘series of dots’’ is less accurate. Constant focusing is necessary to de- 
lineate the faint posterior semicircles connecting these commas. Stitt’? points 
out that this ‘‘beaded’’ effect is seen when the organism is at rest, the spiral 
structure revealed only when it is in motion. A nonmotile spirochete eould be 


missed on this basis. 


Common penile spirochaetes in the dark field. 1, red blood cells; B, Treponema palli- 
dum; C, Borrelia refringens; D, Spirochaeta phagedenis. 


MOTILITY FORMS OF TREPONEMA PALLIDUM 


A. Motility of Locomotion.—True motility is herewith defined as any mo- 


tion which changes the spatial relation of the organism to a fixed point in the 


field of view, i.e., any swimming or traveling motion. There are two types of 
locomotion : 

1. Rotation.—This is moderately rapid, on an imaginary longitudinal axis 
of the spiral and clockwise or counterclockwise. Maximum speed or rate of 
rotation of pallidum never reaches the velocity of the refringens or phagedenis. 
Rotation may be sluggish, or leisurely. It may be absent in a dying organism 
or in lesions after one or two days of antiluetic systemic or local therapy. It is 
of course most rapid in early lesions. 

2. Propulsion.—This implies forward or backward axial motility of the 
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length of the spiral and has been termed ‘‘translation’’ by Rosebury. Other 
terms are: progression, forward (or backward) movement. In the case ot 
Treponema pallidum, the motion of active rotation, usually predominant, may 
vive an illusion of exaggerated propulsion. Generally speaking, little removal 
of the spiral from one spatial point to another occurs. If it does, it is un- 
usually slow, intermittent, and just as often reversible. (Fluid currents carry- 
ing the organism out of the field will give a false impression of propulsion. ) 
A rapid or slow forward or backward ‘darting’? movement is best seen in the re- 
fringens or phagedenis organisms, sometimes necessitating chasing the organ- 
ism from one field to another, This will never be the case with pallidum. The 
queen of spirochetes has appropriately only a stately and unhurried travel, is 
never fitful or spasmodic in its motion. 


Treponema pallidum—motility of locomotion. A, progression; B, rotation. (See text.) 


Lb. Motility of Change in Shape. Prolonged observation ot the several 
spirochetes impresses one strongly that the Spirochaeta pallida has almost un- 
limited scope in changing its outline. None of the other penile spirochetes has 
the protean forms in the literal sense of the term ‘‘protean.’’ These changes in 
form ean be listed as (1) flexion or angulation, (2) ‘‘buckling’’ or distortion of 
its coils, (3) undulation or fluctuation of the coils, (4) compression of its coils, 
(5) expansion of its coils, (6) looping. In general, the subtypes of movement 
in Group A are far more prominent in the nonspecific organisms, while the var- 
lations in Group B are more evident in the syphilitic organism. 

1. Flexion or Angulation: Of the six types of shape listed, if one had 
to designate any diagnostie motion of the pallida, flexion or angulation could be 
so indicated. This is a constant feature and is present in from 10 to 30 per cent 
of all moving pallida seen. No other spiral form in the dark-field shows the de- 
eree and incidence of this motion. 

The bending or angulation is usually obtuse, but can be acute. The 
point of rotation may be anywhere along the length, usually near the junction 


of thirds. The longer arm is stationary, while the shorter arm sways and 


swings leisurely occasionally assuming momentarily a V shape. The fulerum of 
angulation is possibly the point of transverse division in reproduction. Although 
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physical division into two organisms has been searched for diligently in vigorous 
organisms from early, highly infected lesions, only once have we seen it, after 
prolonged observation. 

2. Buckling: This is the kind of shape that reminds one most typically 
of a coil spring being forcibly compressed by end pressure. Some central coils 
will resist this action and spring out of line. The spring is said to buckle. This 
is precisely what seems to occur to the Sprrechaeta pallida. Buckling is almost 
as frequent a behavior as angulation. It is most characteristic of the pallida, 
but it can be fleetingly observed in the refringens spiral. Distinction is easy, as 
the buckled coils in the pallida will remain for seconds at a time. 

3. Undulation: Synonymous terms used by various authors are quiver- 
ing, vibration, fluctuation, (inaccurately) peristalsis. If one bears in mind the 
semirigid character of a coil spring, which can **quiver’’ if tapped lightly, the 
behavior of the Spirochaeta pallida is better understood. The long axis of the 
organism undulates or fluctuates about a central fulerum in a manner similar to 
that of a magnetic compass needle on its center bearing. This motion is more 
apparent with the organism in the stage of rest, i.e., when no rotation or angula- 
tion is present. The nonspecific organisms have similar undulatory movements, 
hut there is more suppleness or ‘‘spineless’’ flexibility to the axial body, a good 


differential point. 


3 


iy 
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Fig. 3 Treponema pallidum—motility of change in shape. A, angulation: B, buckling; C, 
coil compression; D, coil expansion; H, looping; F, undulation. (See text.) 

4. Compression of the Coils: This action and its corollary, expansion, 
are mentioned in but few of the standard texts. Compression of the coils occurs 
noticeably frequently in the active pallidum, is usually fleeting, and may be 
partial, involving one segment of the organisms. The refringens can also com- 
press its coils, but at a less frequent rate or not at all. In the pallida the length 
between coils will be correspondingly narrower (less than 1 mieron). The coils 
may not be regularly spaced as in the resting or rotating phase. It is this motion 
of compression that is commonly called peristalsis or undulation. 

5. Expansion of the Coils: This action is independent of the preceeding 
one. The coils are stretched out from a resting state. Compression may or may 
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not have preceded this opposite movement. Usually the coils stay stretched for a 
longer period, up to several seconds (ef. the split-second duration of the compres- 
sion phase) before a literal ‘‘recoil.’’ The inerease in length of the organism is 
approximately one-fourth. The refringens and phagedenis organisms behave 
in a similar manner. This action thus cannot be used as a differential point, 
sinee the frequeney of coil expansion is about the same in all the organisms, 
although easily discerned in the larger refringens. The terminal pointed fila 
ment of the Spirochaeta pallida as usually deseribed has been infrequently 
demonstrated in our dark-field studies. Towever, when present, they become 
more distinct and longer in the pallidum in the phase of expansion. 

6. Looping: In highly motile pallida, especially in the first few days 
of a lesion, looping of the axis to form an ellipse or narrow-throated U is not in- 
frequent. One pole of the pallida remains fixed; the other pole ares slowly to 
approximate or meet in a closed or open loop. The loop may remain closed for 
from seconds to a minute. While in this state the whole loop may slowly rotate 
on a transverse diameter, like a ring transfixed on a rotating pole. It may give 
the appearance of a ‘‘tumbline’’ or end-over-end movement. 


In one 3-day-old lesion with a profusion of organisms in the dark field this 


looping shape was modified peculiarly. The ends would cross to form for 


seconds at a time a seript letter ‘‘e’’ or “‘1’’ or even a Greek seript letter ‘‘a. 
While in this position the loop occasionally closed completely to form a script 
‘7.’? This was the only instance in which the characteristic rigidity or linear 
pattern of a coil spring was not maintained. Five per cent of the organisms in 
this same ease showed a wavy motion of the coils to form constantly varying S- 
shapes. This bizarre behavior introduced doubt as to the specificity of the or- 
ganism. The clinical features, the lesion, and the appearance of repeated posi- 
tive Kahns and Wassermanns three weeks later was sufficient corroboration. 

We have not observed looping and its allied motions as deseribed here in the 
nonspecific spirochetes. A simulated looping or blunt V formation has been 
seen to oceur in highly active refringens without the complex variations of the 
looping movements in the pallida. Diminution of motility as in lesions of over 
two weeks, or after treatment, obviously will reduce the variety of motions. The 
few sera from secondary closed lesions that we have studied disclosed little more 
than rotation. Agee’ believes that the lessened activity of the organisms is 
eaused by pressure in obtaining serum. Our procedure for obtaining fluid by 
venous stasis precludes this mechanical effect. There is no reason why the de- 
cline in numbers of organisms, as antibody response in late primary and see- 
ondary stages rises, is not coupled with lessened motility. 

With the above numerous extrinsic and intrinsie types of motility in mind, 
it is quite evident that the pallida has versatility and protean faculties far above 
and beyond any other spirochetal forms that may be encountered. A point that 
must be re-emphasized in any consideration of its differential diagnosis is the 
relatively moderate or even slow rate of motility in any of the types listed above. 
The gentle or stately or leisurely waving or bending in the pallida is always 
unhurried. The behavior of seaweed in the surf, or that of pliant fields of @rain 
in a breeze is analogous in its grace and undulations to the physical motion of the 
pallid spirochete. 

It is hoped that familiarity with the characteristie details of motility will 
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obviate many errors in dark-field diagnosis of T'r¢ ponema pallidum. Uneertainty 
that makes one seek the secondary corroborative procedures of serologic tests, 
stained smear studies, or doubts of clinical impression should be minimized by 
the procedure of the tried and true dark-field examination of suspected syph- 
ilitie lesions. 


SUMMARY 


1. The diagnosis of early syphilis in penile lesions is best determined by 
dark-field study. Other laboratory methods should be used for corroboration. 

2. A number of cautions are outlined whieh will minimize artifact errors 
and pitfalls in the dark-field study of penile spirochetes. The source material 
and lesions are so often atypical that any penile lesion or lesions may reveal 
Treponema pallidum by dark-field examination. 

3. The Treponema pallidum has a range of motility characteristics so broad 
that it should make for little difficulty in differential diagnosis. 

4. Motility of penile spirochetes relating to locomotion is distinguishable 
from motility relating to change in shape. Eight types of motility of Treponema 
pallidum and other spirochetes are described under two main groups. Several 
of these are so characteristic to be of pathognostic value in the diagnosis of 
syphilis by the dark-field method. 
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Hi customary method for preserving and mounting gross pathologic spect- 

mens by the use of the museum jar is somewhat difficult and time-consum- 
ing. The jars are usually heavy, cumbersome, and are fairly expensive; and a 
considerable amount of space is required to store or display them, These dis 
advantages preclude the use of jars in many hospitals. 

In those cases where the specimen is small or where a cross section suffices 
to show the gross pathologic features, it is possible to dispense with the use of 
jars by utilizing a method developed by Watters.) ° Coplin Day, Judah,’ 
Warren,® Davis,’ Larson and Levin, ?° and Bengston.’ The specimen is mounted 
in half a Petri dish or watch glass which is filled with fluid and sealed to a 
elass plate. Mallory’ states: **The method has the advantages that the ma- 
terials used are cheap and the space needed for the storage of finished speci- 
mens is small. It has the disadvantage that it is somewhat time-consuming and 
diffieult technically for the beginner.”’ 

In the method presented in this paper, the whole Petri dish, both bottom 
and cover, is used, thus dispensing with the somewhat cumbersome glass plate. 
The present method is rapid, technically simple, and even more space-conserving 
than the mounts of Petri dish and glass plate. Furthermore, the mounted 
specimens are convenient to handle and examine and ean be readily photo- 
eraphed. 

Method.—Two sizes of Petri dishes have been found suitable for most 
specimens. These are the 100 by 15 mm. and the 150 by 20 mm. In addition, 
erystallizing dishes, $0 by 40 mm. and 145 by 60 mm., covered with the tops 
of Petri dishes, have been used for some specimens. Very large Petri dishes, 
914 by 114, 11 by 114, and 18 by 114 inches, are available for cross sections 
of large organs like the whole lung or for coronal sections of the brain 

The gross specimen, preserved in formaldehyde or Kaiserling’s solution, 
is trimmed and oriented in the dish. In an oceasional case, it is necessary to 
use some means to prevent the movement of the specimen. One method is to 
sew the specimen on a sheet of transparent film which is cut to fit the bottom 
of the dish. This method was used for mounting a surgical specimen of a ear- 
cinoma of the common bile duct (Fig. 1). A more rapid method is the use of 
thin strips of adhesive plaster to attach the specimen to the bottom of the Petri 
dish. It has been found that if both ends of the adhesive plaster are attached 
firmly to the dry glass, there is little danger of the strips becoming loose when 
the fluid is added. An example of this method is shown in Fig. 2. Carcinomas 
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of the larynx are mounted in 90 by 50 mm, erystalline dishes (Fig. 6). Wads of 
cotton or a section of a sponge are placed underneath the larynx so as to immo- 
hilize the specimen and to bring the lesion close to the glass cover. These three 
mechanical devices are required only in a small percentage of cases. In most 
cases the specimen is placed free in the dish (Figs. 38 to 5 

The next step is to fill completely the dish with the mounting fluid in such 
a manner as to avoid air bubbles in the final mount. A large pail is filled with 
the solution used for mounting. The fluid should be at room temperature or 
slightly warmer so as to eliminate as much as possible dissolved air. The bottom 
dish with the specimen is immersed in the solution. Any entrapped air can be 
readily released by manipulating the specimen. While one hand holds the 
bottom dish, the other hand introduces the cover sideways into the solution so 
as to evacuate all the air. Then the cover is placed over the bottom of the 
Petri dish. In doing this, both parts of the dish are kept continuously and com- 
pletely submereed. While keeping the dish closed and submereed, it is inverted 
so that the cover is beneath the bottom of the dish. The inverted dish is then 


removed from the fluid. 





Fig. 38.—Autopsy No. 40-72. Implanintion of ureters into sigmoid colon. The autopsy 
pecimen was obtained nineteen months after the operation. The sigmoid has been folded to 
show both implants; a probe has been inserted in the terminal portion of the left ureter, and 
both ureters show moderate thickening and fibrosis. At the junction of the left ureter and 
colon, a papilla, 2 em. in length and 1 em. wide, can be seen. There is no papilla at the junc- 
tion of the right ureter and sigmoid. The opening of this ureter in the sigmoid is markedly 
constricted, 


The next step is the sealing of the dish. White twine is introduced in the 
space between the bottom and cover. The twine is pushed down by means of a 
paper clip. It is run around the circumference of the dish two or three times. 
Plasteline is then packed tightly in the space between the bottom and cover. 
The dish may now be handled freely. The outside of the dish is washed free 


of the mounting solution and dried. The free edge of the plasteline is shellacked. 
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Fig. 4.—Autopsy No. 41-139. Myocardial infarct and mural thrombus. A large, dark- 
colored thrombus is attached to the apex, the anterior wall, and the interventricular septum 
of the heart. The myocardium of the anterior wall has a large anemic infarct. 





Fig. 5.—Autopsy No. 41-144. Glioma of cerebellum. The right cerebellar hemisphere has a 
large hemorrhagic, poorly circumscribed tumor which extends to the midline. 
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A gummed label is attached to the dish. The label is protected by covering it 
with transparent lantern slide edging. 

Specimens Switable for Mounting.—Cross sections of the brain mounted in 
150 by 20 mm. dishes are ideal for the demonstration of tumors and other lesions. 
Hemisections of the kidney can usually be mounted in the 150 by 20 mm. 
Petri dish. Tumors of the lung can frequently be adequately represented by a 
cross section which shows the relationship of the tumor to the bronchi and 
hilum of the lung. <A section of the spleen or liver suffices in many cases to show 
the gross lesion, such as a metastatic tumor, granuloma, or cirrhosis. Uleers of 
the gastrointestinal tract can be mounted in the 100 or 150 mm. Petri dish. 





Fig. 6.—Surgical No. 18-680. Carcinoma of the larynx. The right vocal cord is de- 
stroyed by a large ulcer which infiltrates subglottically and involves both the anterior and 
posterior commissures. The edges of the ulcer are raised and nodular. 


Tumors of the gastrointestinal tract or the genitourinary tract frequently re- 
quire the 150 by 60 mm. crystalline dishes. Cross sections of the heart suffice to 
show metastatic tumors. Longitudinal sections are used to show infarets and 
mural thrombi. The valves of the heart are sometimes excised and mounted 
separately. Thin sections of the vertebrae are used to show such lesions as 
metastatic tumors, Paget’s disease, and multiple myeloma. 

The specimens shown in Figs. 1 to 5 are all mounted in 150 by 20 mm. 
Petri dishes. It should be noted that the mounted specimens photograph satis- 
factorily. 
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Storage of Petri Dishes—A special cabinet, 60 by 24 by 22 inches, was 
built to store the Petri and deep dishes. It has 18 flat drawers, 21 by 19 by 184 
inches, whieh have movable partitions to accommodate either the 150 by 20 mm. 
or the 100 by 15 mm. Petri dishes. Each drawer holds 9 of the larger dishes 
or 3 large and 12 small ones. The eabinet also has 2 deeper drawers, 21 by 19 
by 3 inches for the erystallizing dishes. This small cabinet accommodates from 
180 to 800 museum specimens, depending upon the size of dishes used. 

By use of sueh a cabinet, a large number of gross specimens can be stored 
compactly. Furthermore, the dishes are protected from dust and are readily 
accessible for examination. 


SUMMARY 


A simple method is presented for mounting surgical and autopsy specimens 





in Petri dishes and the filing and storage of mounted specimens in a cabinet. 
The method is easily learned, is rapid, and permits the filing and storage 


of a large number of mounted specimens in a relatively small cabinet. 
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CoLTER Ruue, M.D.,t New York, N. Y. 


EVERAL auscultatory techniques have been described for the estimation of the 

blood pressure of dogs.'* They have required special cuffs, racks, and other 
deviees, which, in addition to being cumbersome, offer difficulty of adaptation to 
dogs of different size. A simple modification of the auscultatory teehniaue is 
deseribed here. It consists of a method for holding the rubber bag whieh is to 
be inflated firmly in place. 

Method.—A roll of semielastie ‘* Ace’? bandage which is used in taping 
ankles (dimensions: nine feet by two and ene-half inches) is stitehed to the 
tail of the cloth cover of a blood pressure cuff (dimensions: four by thirty 
inches). The euff is applied to the thigh of the dog, the bandage being wrapped 
around until every portion of the cuff is covered, a few turns being taken up 
around the torso during the procedure (see illustration). The diaphragm of a 
stethoscope is inserted under the lower edge of the cuff over the femoral artery. 
The blood pressure is then measured in the conventional manner. The sounds 
are generally fainter than in human beings, and in short-legged, stocky dogs too 
faint for reliable readings, but in most cases the end points are equally sharp. 
A few trials will indicate the best position for the cuff and stethoscope in the 
individual animal; in some eases the sounds are heard more clearly below the 
knee. If the cuff is too tight, sounds may be heard below diastolic levels. Hyper- 
svstoli¢ sounds were encountered at first, but were not present after the back of 
the stethoscope head was covered with felt. They resulted from the transmission 
of the sounds produced by the impact of the column of blood on the upper edge 
of the euff through the compressed air of the inflated cuff. 

Comments.—Sinee dogs exhibit marked arrhythmia, the blood pressure may 
vary with each respiration over a range of several millimeters of mereury. The 
aceuraey of the method has been ascertained by taking with the ausecultatory 
method readings in one hind limb simultaneously with readings taken with the 
Hamilton manometer in the other hind limb. Discrepancies of more than 10 mm. 
He in the systolic and diastolie levels between the two methods were uncommon. 

The blood pressure in nine animals has been followed over a period of several 
months. A routine was established: the animals were allowed the freedom of 
an outdoor pen for a few minutes, were then placed on a table in a quiet room, 
and were rested a few minutes before readings were recorded. The levels fell 
during the first two weeks, as the animals became accustomed to the procedure ; 
afterwards, they appeared to enjoy the routine and would remain quiet. Varia- 


tions in the routine, the presence of strangers, and the occurrence of strange 
*From the Hospital of the Rockefeller Institute for Medical Research. 

‘Fellow of the University of Cincinnati working on a grant from the Josiah Macey, Jr, 
Foundation. 

teceived for publication, June 22, 1943. 
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noises were accompanied by higher readings. The blood pressure levels of 
these dogs approximates the levels reported by other investigators, for ex- 
ample, 138 mm. He systolic and 79 mm. He diastolic.’ 





Conclusions.—1. A modification of the auscultatory technique for the esti- 
mation of the blood pressure ot dogs is deseribed. 


2. The value of a routine in following the blood pressures is emphasized. 
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CHEMICAL 


A METHOD FOR SIMULTANEOUS DETERMINATION OF 
METHEMOGLOBIN-OXYHEMOGLOBIN RATIO AND 
PER CENT HEMOLYSIS IN STORED BLOOD* 


AuRIN M. Crase, Pu.D., Puiuip B. Lorenz, B.A... Arrtuur K. Parpart, PH.D. 
AND JOHN R. GreEGG, B.S., PRINCETON, N. J. 


IIE concentration of plasma hemoglobin may be used in determining the 

amount of hemolysis in blood. The extinction (negative logarithm,, of 
transmission) at A 540 mp can be taken to calculate directly the oxyhemoglobin 
concentration, in terms of a similar measurement on totally hemolyzed whole 
blood of known hemoglobin content. With a spectrophotometer such a method 
can be very precise, provided the hemoglobin has not undergone any change, 
such as oxidation. Alternative procedures involve conversion of the hemo- 
globin to aeid or alkaline hematin, methemoglobin, or other derivatives (Peters 
and Van Slyke, 1932), with spectrophotometrie measurement at appropriate 
wave leneths. 

In the course of experiments on stored human blood in this laboratory, 
it became necessary to make routine, multiple measurements on small samples 
and to determine simultaneously both hemolysis and the relative amount of 
plasma hemoglobin present as methemoglobin. The latter pigment was formed 
in rather high concentration under certain experimental conditions and the 
methemoglobin-oxvhemoglobin ratio therefore assumed significance in our work. 
The clinical method described by Wendel (1938), although simple and suffi- 
ciently accurate, measures only methemoglobin, unless additional procedures 
are employed. Ray, Blair, and Thomas (1932) give details for qualitative and 
quantitative determination of blood pigments, either singly or in mixtures, 
by spectrophotometry; and Austin and Drabkin (1935) report a detailed study 
of the absorption spectrum for various known ratios of methemoglobin to oxy- 
hemoglobin, measured at different pH’s. 

The procedure which was devised for the present work permits estimation 
of the ratio of methemoglobin to oxyhemoglobin in the sample by a simple 
eraphical comparison method. The amount of oxyhemoglobin that would have 
been present if none had been oxidized to methemoglobin ean subsequently 
be caleulated, if desired for a determination of hemolysis. 

Methods.—Spectrophotometric measurements were made with a Coleman 
spectrophotometer, Model 10-S (Coleman Electric Co., Maywood, IIl.), and the 
procedure was as follows: 

About 0.7 ¢.. of whole blood was used for a single determination. The 
cells were separated from the plasma in an air turbine, handling tubes of 

*From the Physiological Laboratory, Princeton University. 

f The work described in this paper was done under a contract recommended by the Com- 
mittee on Medical Research, between the office of Scientific Research and Development and 


Princeton University. 
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about 0.8 ¢.e. volume and developing a force of about 20,000 G (gravity). 
Ordinarily 0.10 ¢.¢. of the supernatant was diluted with 12.5 ¢.c. of a salt-buffer 
mixture* before measurement. 

As will be shown, methemoglobin is the only derivative of hemoglobin 
which appeared in the blood under the conditions of our work. Consequently, 
the spectrophotometric measurements were designed to piek up either: oxy- 
hemoglobin or methemoglobin. Any reduced hemoglobin present in the orig- 
inal blood sample was always automatically oxygenated during the dilution 
of the plasma. 

The pH of the plasma, as diluted 1:125 with the salt-buffer mixture, is 7.5. 
Consequently, any methemoglobin present exists as neutral methemoglobin, 
and no error arises due to changes in the absorption spectrum of methemo- 
elobin with changes in pI. (Austin and Drabkin, 1935.) 

We routinely measured the ratio of methemoglobin to oxyhemoglobin in 
the following way. The negative logarithm of the transmission of the diluted 
plasma was determined at seven wave lengths (A 631, 600, 577, 560, 540. 
520, and 500 mp), which include the principal absorption bands of oxyhemo- 
elobin and methemoglobin. The logarithms of these values were then plotted 
as the ordinate on transparent graph paper, against the wave length as the 
abscissa. By superimposing on calibration curves representing known ratios 
of methemoglobin to oxyhemoglobin, plotted similarly, it was possible to ascer- 
tain by inspection the percentage of hemoglobin that had been converted to 
methemoglobin in the experimental sample. Use of the log plot automatically 
cancels out any absolute concentration differences between solutions. 

The calibration curves were made as follows. Fresh whole blood was 
accurately diluted 1:250 with salt-buffer mixture, causing complete hemolysis. 
To 100 ¢.¢. of the resulting solution a small crystal of potassium ferricyanide 
was added, which oxidized the hemoglobin to methemoglobin. Four samples 
of this solution were diluted with salt-buffer mixture in such a way that the 
resulting solutions contained, respectively, 80 per cent, 60 per cent, 40 per cent, 
and 20 per cent of the methemoglobin concentration of the original solution. 
The extinetion (negative logarithm,, transmission) of these four solutions and 
of the undiluted original solution was determined at the seven wave lengths 
specified above. 

In the same way, samples of the original solution of hemolyzed whole 
blood (1:250) were diluted with salt-buffer solution lacking ferricyanide, and 
their extinctions were determined at the same seven wave lengths. It was now 
easy to construct arithmetically the curves of extinction against wave length 
for mixtures of oxyhemoglobin and methemoglobin in which these two com- 
ponents would be present in the following ratios: 100 parts oxyhemoglobin 
to 0 parts methemoglobin, 80 to 20, 60 to 40, 40 to 60, 20 to 80, and 0 to 100. 
The logarithms,, of these calculated extinction values were next found and 
plotted against the wave length. By superimposing an experimental seven- 
point absorption spectrum, plotted as log extinetion, on these standard ab- 
sorption spectra of known oxyhemoglobin-methemoglobin mixtures, similarly 





*17.5 volumes of 0.06 M disodium phosphate, 7.5 volumes of 0.06 M monopotassium phos- 
phate, 25 volumes of 0.06 M sodium chloride, and 50 volumes of water. The pH of this solu- 
tion is 7.25. The transmission of the constituents of the plasma remains constant over many 
hours when diluted with such a solution (Parpart, Amberson, and Stewart, 1931). 
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plotied, the percentage of hemoglobin that was in the form of methemoglobin 
could be determined. 

Our standard ealibration curves are shown in Fig. 1, and the extinetion 
values from which they were computed are given in Table I. The use of a 
seven-point spectrum, rather than one with fewer points, increases the pre- 
cision, since the curves can be fitted fairly exactly, even though one or more 


points may be in error. 
























































A- 0% MHb, 100% HbO, 
+ — B-20% MHb, 80% Hb 0, 
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Fig. 1.—Graphical presentation of calibration data representing the relative amounts 
of oxyhemoglobin and methemoglobin in standard mixtures. The experimentally measured 
spectra of plasma or hemolyzed whole blood samples can be matched against this graph, by 
the method described in the text, to determine the percentage of the hemoglobin that is in the 
form of methemoglobin. 


If, in addition to the plasma methemoglobin-oxyhemoglobin ratio, the per- 
centage of hemolysis is also required, this can be calculated. An example will 
suffice to illustrate the method. If the experimentally measured extinction 
of the diluted blood plasma sample at 540 mp were 0.525, and 60 per cent of 
the hemoglobin were found from the ealibration curves to be in the form 
of methemoglobin, then it would be necessary to multiply the observed ex- 
tinction at 540 mp by 1.46 to obtain the extinction that would have been 
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measured experimentally if all of the pigment had been present as oxyhemo- 
globin. The factor, 1.46, is obtained by dividing the extinction at 540 mp 
of the 100 per cent hemoglobin calibration curve by the extinction at 540 mp of 
the 60 per cent methemoglobin-40 per cent oxyhemoglobin calibration curve. 
These factors for various percentages of hemoglobin as methemoglobin are 
shown graphically in Fig. 2. 


TABLE I 


EXTINCTION VALUES FOR STANDARD DILUTIONS OF TWo SOLUTIONS, ONE CONTAINING OXYHEMO- 
GLOBIN, AND THE OTHER CONTAINING METHEMOGLOBIN; THE CALIBRATION GRAPHS IN Fig. 1] 
WERE CoMPUTED FROM THESE DATA, AS DESCRIBED IN THE TEXT 


WAVE LENGTH IN my 





cumiauieel 500 520 540 560 avd 600 631 
Oxyhemoglobin ‘‘undiluted’’ | 254 B17 666 441 O74 059 O15 
Above solution diluted 20 per cent 208 263.530 o4 42 O48 O14 
Diluted 40 percent ————*&|~—~« 16 192 399 266 406 O37 O11 
Diluted 60 percent ~ | 106.133 272 179 .275—(«i«026—s«w008 
Diluted 80 percent 054 068136097 AST 016.006 
Methemoglobin ‘‘undiluted ’”} me 
Above solution diluted 20 per cent 33] 288 246 8.173 AGS 136A 
Diluted 40 per cent 249 1215 AS4 130 127 L099 107 
Diluted 60 per cent 168 146 126 090 LOSS 069 073 
Diluted SO percent O89 077 068 049 046 038 O40 


*0.050 c.c. of whole blood and 12.5 c.c. of salt-buffer solution. 
*Same as above, but containing potassium ferricyanide. 


The red cells of stored blood frequently undergo very marked changes in 
volume. This varies the distribution of water between the cells and plasma. 
It is therefore necessary, in determining the degree of hemolysis in stored 
blood, to correct the hemoglobin measurements made on the plasma for these 
shifts of water. In addition, the degree of hemolysis itself affects the relative 
volume occupied by cells and plasma. Unless these factors are taken into 
account, the measurement of the percentage hemolysis can be greatly in error. 

The method for making these corrections is as follows: The cell-free 
volume can be determined accurately by hematocrit measurements. These 
were made by a specially devised method which gives very precise and repro- 
ducible values with a standard deviation of 0.84 per cent (Parpart and Ballen- 
tine, 1943). Having determined from the hematocrit reading what percentage 
of the total volume of the experimental blood sample represents extracellular 
fluid (i.e., plasma), the ealeulated extinction value of the oxyhemoglobin found 
for the plasma is multiplied by the per cent of the total volume of the sample 
which is not occupied by cells. For example, if the hematocrit shows that 40 
per cent of the total blood volume is occupied by cells, then the factor would 
he 60 per cent, or 0.60. The final corrected extinction is proportional to the 
concentration of oxyhemoglobin that would have been measured in the sample 
had the cells been replaced by an equal volume of water. Therefore, a direct 
comparison can be made between the extinction at 540 mp of the diluted, 
hemolyzed original blood, before storage or treatment, and the extinction (at 
540 mz) of the diluted plasma at any time. The latter figure (corrected for 
methemoglobin present, hematocrit value, and any differences in dilution) can 


be divided by the former to give a measure of percentage of hemolysis. 
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Before reliance can be placed upon the method as a whole, it is necessary 
to demonstrate two things. First, it must be shown that during the applica- 
tion of the high centrifugal force necessary to pack the cells for removal of 
the plasma sample, no change in the concentration of hemoglobin in the plasma 
occurs, because of possible mechanical destruction of cells, or evaporation of 
water trom the plasma. Second, it must be shown that during the time the 
hemoglobin remains in the plasma following progressive cell breakdown dur- 
ing storage (in some experiments as long as six weeks at room temperature), 
the hemoglobin does not undergo change to anything other than methemo- 
elobin, sinee the method of measurement is designed for quantitative detection 
of oxyhemoglobin and methemoglobin only. 
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Fig. 2.—Factors by which the observed extinction values at \ 540 my are multiplied to 
give the extinction values that would have been measured if all the hemoglobin had been in 
the form of oxyhemoglobin and none in the form of methemoglobin. These factors were 
calculated from the data of Table I as described in the text. 


To test the first point, the transmission at A 540 my of diluted plasma from 
blood that showed about 30 per cent hemolysis (and whose cells were pre- 
sumably less resistant to mechanical strain than when the blood was freshly 
drawn) was measured after various centrifugation times of from five to sixty 
minutes. No significant change in transmission was found for times of thirty 
minutes or less, although a shght decrease (about 1 per cent) in transmission 
occurred when the time was prolonged to sixty minutes. Since, in our experi- 
mental procedure, the centrifugation time is fifteen minutes, no error arises 
because of this factor. 

The possibility that plasma hemoglobin might be transformed to deriva- 
tives other than oxyhemoglobin and methemoglobin during long periods of 
storage can also be tested. If all the hemoglobin originally present remains 





as oxyhemoglobin or methemoglobin and if none of it is transformed to other 
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derivatives during the time that it remains in the plasma following sponta- 
neously occurring hemolysis of some of the cells, then there should be no 
change in extinction at 540 mp (correeted only for methemoglobin present) 
when a sample of the blood is completely hemolyzed and measured at various 
times after storing. On the other hand, if loss of plasma hemoglobin occurs 
hecause of conversion to forms other than oxyhemoglobin or methemoglobin, 
then the extinction (540 my) of the blood (corrected for methemoglobin), 
measured after completely hemolyzing the cells, should be appreciably differ- 
ent than it was when the blood was stored. This change should be greater 
with greater degrees of hemolysis. Table IL gives measurements on four 
samples of stored blood to test this point. Each sample was subjected to a 
different treatment. The table shows (1) the extinction of a totally hemolyzed 
sample of the fresh blood from which the samples were taken for storage; 
(2) the extinction (corrected for methemoglobin) of the totally hemolyzed 
blood samples after twenty-eight days of storage, and (3) the percentage 
hemolysis in each sample at the time the second measurement was made. Dilu- 
tion factors are the same in all cases. It is apparent that there has been no 
significant change in extinction (corrected for any methemoglobin present) 
during the storage period. Identical results have also been obtained in numer- 
ous other samples. It is safe to conelude, therefore, that no derivatives of 
hemoglobin other than oxvhemoglobin and methemoglobin appear in the plasma 
or cells during storage or as the result of the various experimental treatments 
to which the blood has been subjected in our procedures. 


TABLE II 
DEMONSTRATION THAT THERE IS No SIGNIFICANT LOSS OF HEMOGLOBIN BY CONVERSION TO 


DERIVATIVES OTHER THAN METHEMOGLOBIN, IN PLASMA FOLLOWING SPONTANEOUS, PARTIAL 
HEMOLYSIS OCCURRING DURING 28 DAYS OF BLOOD STORAGE 


MEASURED EXTINCTION | CALCULATED EXTINCTION 


PER CENT 
SAMPLE NO. f ; OF TOTAL HEMOGLOBIN OF TOTAL HEMOGLOBIN 
HEMOLYSIS : = ’ 
ORIGINALLY PRESENT AFTER 28 DAYS’ STORAGE 
132 24 0.666 0.672 
134 33 0.666 0.667 
136 31 0.666 0.668 
139 8 0.666 0.681 


Because of the similarity of the absorption spectrum of methemalbumin 
(Fairley, 1939, 1941) to that of methemoglobin, it seemed advisable to test 
specifically for methemalbumin in plasma of stored blood samples selected at 
random, Treatment with 5 per cent sodium cyanide and subsequent spectro- 
photometric examination (Fox, 1941) failed to show the presence of this ab- 
normal blood pigment. 

Discussion.—It can be concluded that the measurement of hemoglobin as 
oxyhemoglobin and methemoglobin can be relied on to give data that permit 
a valid determination, with a single small blood sample, of per cent hemolysis 
and of the methemoglobin-oxyhemoglobin ratio. The precision of the method 
for determination of the plasma methemoglobin-oxyhemoglobin ratio depends 
essentially upon the concentration of the cell pigments in the plasma sample. 
When this is such that a 1:125 dilution of the plasma gives a solution whose 


transmission at A = 540 my is between 0.8 and 0.2, a difference of 10 per cent 
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in the percentage of total hemoglobin present as methemoglobin can be readily 
detected. This represents the upper limit of precision of the method under 
ordinary conditions. It is essential, of course, that no abnormal colored sub- 
stances be present in the blood. If the hemolysis is less than about 8 per cent, 
the plasma methemoglobin-oxyhemoglobin ratio can be determined accurately 
only if the plasma is diluted considerably less than 1:125. In this case a cor- 
rection must be made for the color of the normal plasma components. Where 
only a very small amount of blood is available for measurement, it is impos- 
sible to use dilutions much less than 1:125, unless special absorption cells of 
small volume but undiminished optical depth are available. The Coleman 
spectrophotometer is not easily adapted to the use of such cells. Tlowever, 
in determining percentage hemolysis from spectrophotometric measurements 
of plasma oxyhemoglobin, it is unnecessary to make any correction for hemo- 
elobin present as methemoglobin when the hemolysis is less than 3 per cent, 
since only a very small error will result from omitting the correction under 
such conditions. The correction becomes increasinely important as the per- 
centage of hemolysis increases beyond this value. 

Measurement of the methemoglobin-oxyhemoglobin ratio in totally hem- 
olyzed whole blood (plasma plus cells) can always be made with the maximum 
precision of the method, since the pigment concentration is here not a limiting 
factor. However, it has been our experience that in stored blood significant 
methemoglobin formation occurs only in the plasma. 


SUMMARY 


A method is described for measuring, simultaneously, on a small sample 
of stored blood the percentage of the hemoglobin in the plasma or whole blood 
that is in the form of methemoglobin, and the percentage of hemolysis. Be- 
eause of the small volume of blood required, routine, multiple determinations 
can be made. 

It is shown that the method does not suffer from errors due to possible 
injury of the cells during the centrifugation required to obtain the plasma 
sample, or due to possible conversion of the hemoglobin to derivatives other 


than oxyhemoglobin and methemoglobin during the period of storage. 
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A NEW TECHNIQUE FOR THE MEASUREMENT OF GLYCOGENESIS: 
A STUDY OF GLYCOGEN METABOLISM IN THE LIVER UNDER 
FASTING CONDITIONS* 


Essie WHITE Coun, Pu.D.,+ anv JosepH H. Ror, Pu.D., Wasuixaton, D. C. 


HE conventional method for the study of glycogenesis involves two steps, 

namely, the determination of the liver glycogen of a control group of 
animals fasted for a certain time; and the estimation of the liver glycogen of 
another group of animals following the administration of a test substance. The 
difference between the mean of the control and the test group is regarded as 
the effect produced by the intermediary procedure. In such a method it is ob- 
vious that a large number of animals must be used in order to compensate for 
the marked individual variations observed in liver glycogen. It is also evident 
that a large group of animals would require that a considerable quantity of the 
material be tested. 

In an investigation of the metabolism of a rare sugar (mannoheptulose) in 
this laboratory it was desired to study glycogen formation. Since there is evi- 
dence that this sugar is utilized by the rabbit and not by the rat as indicated 
by blood studies of Roe and Hudson,’ it was necessary that a method for the 
determination of glycogenesis in the rabbit be developed in which small quanti- 
ties of test substance would suffice. 

A technique has been developed in which each animal serves as its own con- 
trol. A laparotomy is performed under nembutal anesthesia, a control sample 
of liver is taken, the operated area is closed, and the test substance is injected 
subcutaneously. After waiting an appropriate time, a second laparotomy is 
made under nembutal anesthesia and samples of liver are taken for analysis. 
Thus, a significant result is obtained upon a single animal, and a satisfactory 
answer to the problem is offered by the use of relatively few animals and a small 
amount of test substance. 

The effective use of the new technique requires that information should be 
available on the control values of glycogen in normal fasted animals and upon 
the effect of the operative procedure on normal animals. This double laparotomy 
technique might involve a change in liver glycogen due to (a) the effect of 
anesthetic and (b) the effect of surgery. The utilization of this technique in the 
determination of the effect of administered substances upon the production of 
glycogen allows the investigator to rule out the combined effect of anesthetic 
and surgery. Guest? has used nembutal as an anesthetic with rats. He states 
‘the high glycogen concentrations, ‘normal’ blood sugar and lactie acid 
concentrations are indicative that glvcogenolysis with this anesthetic has been 
minimal.’’ There is, however, a remote possibility that the use of nembutal 

— the Department of Biochemistry, School of Medicine, George Washington Uni- 
versity. 


+On war leave from the University of Denver, Denver. 
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does allow a change in liver glycogen. The work of Guest would not prelude 
the possibility that glucose could be utilized by metabolic processes at the same 
rate that it would be furnished from glycogen stored in the liver and would, 
over a period, tend to reduce the amount of glycogen stored. 

We have determined the amount of glycogen present in the liver after an 
indicated fasting period and have also found the amount of glycogen present in 
the same liver after an additional twelve-hour interval. The difference between 
these values includes both the effeet of surgery and of anesthetic. If nembutal 
is the anesthetie used and the surgical technique is similar each time, the normal 
amount of glycogen formed during the test interval is known and may be used 
as a base line value in the estimation of glycogenesis. This amount of glyco- 
genesis is compared with the amount which results from the administration of 
other substances. 

Operative Procedure—Previous to the fasting period, the rabbits were 
maintained on a standard uniform diet consisting of rabbit chow.* The rabbit 
was fasted a designated period (see Table I). At the end of this fasting period, 
the animal was given nembutal intraperitoneally (30 me. per ke. of body weight). 
If necessary, additional small amounts of nembutal were injected into the mar- 
ginal ear vein in order that the animal might become completely relaxed. A small 
incision was made along the midline of the abdomen. A small section (0.8 to 
1.5 Gm.) of the edge of the right lobe of the liver was cut off with a scissors 
and placed immediately in a tared tube containing cold 30 per cent KOH. Skin 
clips were quickly clamped into the incised region of the lobe to aid in the eon- 
trol of bleeding. Very little bleeding occurred. The animal was closed and 
placed in a metabolism cage. The effects of the anesthetic wore off within three 
to four hours. The animal sat up, moved about in the cage, and took water. 
Throughout the remainder of the twelve-hour period the rabbit was continued 
in the fasting condition and was given water ad libitum. The sample of liver 
obtained by this first operation constituted the ‘‘control’*? sample on which liver 
elyeogen was determined. 

Twelve hours after the first operation (described above), the animal was 
again anesthetized with a full dose of nembutal (30 me. per ke. of body weight). 
Care was taken not to excite the animal during this procedure. The abdomen 
Was again opened and a small section of liver was eut from the intact left lobe. 
A second sample of liver was removed from the previously operated right lobe, 
not immediately in the operated area. A comparison could thus be made of the 
elyeogen content of the operated and nonoperated lobes. The samples of liver 
were placed in tared tubes containing 30 per cent KOH and were analyzed for 
their glycogen content. The glycogen was estimated by the method of Good, 
Kramer, and Somogyi.’ The glucose formed on hydrolysis of the glycogen was 
determined by the method of Shaffer and Hartmann.* The glycogen values, ex- 
pressed as per cent glucose, are given in Table I. 

Data Obtained as a Result of Operative Procedure.—In Table I are listed 
in the first column the tabulation number given to the experimental animal, in 
column 2 the weight of the experimental animal in kilograms, in column 8 the 
time in hours for which the rabbit was fasted prior to the first operation; 
column 4 under the heading ‘‘Control’’ Rt. Lobe indicates the values of glyeogen 


*The chow was purchased from the Maritime Milling Company, Buffalo, New York. 
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expressed as per cent of liver weight. (The right lobe was selected as the lobe 
on which the initial operation was performed.) In column 5 is given the mean 
value of glycogen for all of the experimental animals which were fasted the 
indicated time prior to the initial operation. In column 6 is given the time in 
terval between the beginning of the fast and the second operation. In column 
7 are presented the liver glycogen values for the left lobe at the time of the 
second operation, Corresponding values for the right lobe are given in column 
8. Column 9 contains the mean values for the elycogen content in per cent at 


the time of the second operation. 


TABLE I 
LIVER GLYCOGEN OF FASTED RABBITS 
COL. 1 » 3 } D 6 “ 8 if) 
GLYCOGEN PER CENT (EXPRESSED AS GLUCOSI 
MEAN 12 HR. AFTER MEAN 
HRS. FASTED ; ; : a : 
oe **CON- OF HRS. FASTED FIRST GLYCOGEN 
RABBIT WT. IN pipartindicigs TROL’? CON PRIOR TO OPERATION \FTER 
NO. KG. FIRS! RT. TROL’? SECOND SECOND 
OPERATION ‘ LEFT RIGHT eee 
LOBI RT. OPERATION OPERATION 
LOBI LOBE LOBE 
26 1.98 12 3.01 24 1.33 0.943 
28 1.80 12 5.40 1.2 24 1.44 1.52 1.31 
"ae 2.05 18 0.50 ol) 0.756 | 0.692 
32 1.81 18 0.559 ov) OSD 0.795 
37 245 18 0.331 30 O30 0.515 
O38 2.00 18 0.207 0.39 30 0.451 0.464 0.60 
2] 1.98 24 0.224 6 O86 0.9] 
99 2.03 24 0.325 56 0.68 0.96 
23 1.83 24 0.40 ob 1.52 2.50 
25 2.22 24 0.28 36 1.45 0.99 
39 1.88 24 0.537 36 
6 1.75 24 0.50 | 36 
40 1.94 24 0.437 36 0.388 0.525 
$] 1.90 24 1.09 36 eee 
{2 1.98 24 0.839 0.52 36 mao 1.08 
29 2.01 36 0.188 $S 1.9 2.35 
30 1.7] 36 0.349 1S 1.33 1.35 
34 2.00 36 0.10 tS 2.20 2.04 
35 L.S0 36 0.20 1S 1.57 1.63 
}: 2 30 6 0.449 +S 1.45 1.16 
44 2.63 36 9 20 1S 1.51 1.17 
46 Ae 4 36 0.407 0.56 48 0.70 0.62 1.50 
~ 8 1.95 18 1.13 60 
9 2.20 48 0.507 60 = 
10 1.89 18 0.983 60 on 
11 29 48 0.554 60 : Ee 
33 2.0 8 48 1.66 60 2.89 3.96 
17 1.71 1S 0.404 60 0.777 0.646 
4S 2.51 1S 0.72 60 0.265 0.172 
19 2.30 1S 0.53 60 0.497 0.416 
50 2.61 4S 1.58 0.90 60 0.782 1.025 1.20 
~ §1 2.74 60 0.57 72 1.53 1.51 
52 2.44 60 0.267 72 0.965 0.992 
53 | 2.49 60 0.905 12 2.263 2.142 
54 | 2.68 60 1.150 v2 1.82 1.88 
55 | 2.77 60 1.090 0.80 72 1.82 1.42 1.63 


Glycogen Content of Liver Lobes Twelve Howrs After the First Operation. 
It will be noted from the values presented in columns 7 and 8 of Table I 
that the glycogen values of the right lobe are approximately equal to those of the 


left lobe; in fact, in many Cases exceed those of the left lobe. Since the operation 
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was performed on the right lobe, an equal or higher glycogen content in this 
lobe is an indication that the operative technique has not impaired the elyeo- 
venetic function of either the operated lobe or of the liver as a whole. 

The data represented in Table I are shown graphically in Fig. 1. Curve A 
is the curve which represents the amount of glycogen at the time of the initial 
operation. The abscissa indicates the number of hours which have elapsed be- 
tween the beginning of the fast and the initial operation. Curve B represents 
the values for liver elveogen which were obtained the indicated number of hours 
after the beginning of the fast, but this time interval includes a 12-hour period 
after the initial operation. It is evident that the vertical distance between the 
curves A and B for any given time represents the change in liver glycogen to be 
attributed to the surgical procedure including the effect of the anesthetic. The 
circles represent the average values obtained at the indicated times for the initial 


operation, whereas the crosses represent similar values for the second operation, 
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Fig. 1.—Curve A, average of liver glycogen values for varying periods of fasting. Data 
obtained after the initial operation. Curve B, average of liver glycogen values after the indi- 
cated period of fasting. Data obtained from samples after second operation and 12 hours 
after the initial operation. Curve C, liver glycogen values obtained as in curve B. The glu- 
cose was administered immediately after the initial operation and 12 hours before the final 
operation. Curve D, liver glycogen values determined after the second operation; 6 hours 
intervened between the initial and final operations. Glucose was administered immediately 
following the initial operation. Curve #H, liver glycogen values obtained as in curve B. 
Mannoheptulose was administered immedia‘ely after the initial operation (12 hours before 
the final operation). 


Liver Glycogen Changes During Fasting—Curve A of Fig. 1 represents 


the change of liver glycogen in terms of per cent by weight of liver. Since the 
points indieated are average values, it shows that during the first 18 hours after 
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the beginning of the fast the glycogen content diminishes quite rapidly. After 
this interval, the effects of ingested food become submerged, and there appears 
a slow but definite increase in the glycogen content of the liver of the rabbit. 

From the data presented in Fig. 1 it would appear that the most favorable 
time to measure elyecogenesis in the rabbit is from 24 to 36 hours after with- 
drawal of food. By this time the effeets of glycogen storage from previously 
ingested food are no longer evident and the slight increase in glycogen pre- 
sumably from protein breakdown has become established. A longer fasting 
period gives no advantage from the standpoint of obtaining a more stable gly- 
eogen level, but does have the disadvantage of a more weakened experimental 
animal. 

Rate of Increase of Glycogen.—During the 12-hour interval after the initial 
operation there is a change in the amount of glycogen present in the liver. The 
changes in the normal animal are due to normal metabolie processes combined 
with the effect of the operation. Should a substance under investigation be 
administered, it would be expected that the amount of glycogen formed during 
a 12-hour interval would be different. Since there is a difference between the 
amount of glycogen present at the beginning of the 12-hour interval and the 
amount at the end, the changes observed can be viewed as a rate of change per 
unit time, for example, the grams of glycogen per 100 grams of liver per hour. 
In Table IT are indicated the rates of increase of liver glycogen for various inter- 
vals of fasting preceding the initial operation. These rates have been ealeulated 
by using the average values of glycogen at initial operation and the average 
values of the second operation (12-hour interval between operations). It is in- 
teresting to observe that there is an initial decrease in glycogen as indicated by 
the negative value of the rate of change, and that subsequently there appears 
to be a rate of increase which is roughly constant within experimental error. 


TABLE I] 
AVERAGE RATE OF INCREASE OF GLYCOGEN DURING THE 12-Hour PrERtop AFTER THE INITIAI 
OPERATION FOR VARYING PERIODS OF FASTING 


HR. OF FAST PRECEDING INITIAL | RATE OF INCREASE IN GM. OF GLYCOGEN 


OPERATION PER 100 GM. LIVER PER HR. 
7 12 a 0.241 
18 +0,021 
24 L0.046 
36 | -0.079 
18 10,025 
60 LO.O70 


It can be seen from the curves in Fig. 1 that the glycogen values obtained 
12 hours after the first operation for the fasting period between 24 and 36 
hours closely parallel the values obtained on the control liver samples, but the 
values are all higher. 

Effect of Administration of Glucose and Mannoheptulose on Glycogenesis.— 
To illustrate the operative technique and its use in indicating the effect of a 


elycogen-producing substance, the following experiments are reported. A con- 
trol sample of liver was removed after a 24-hour fast. After the abdomen of 
the animal had been closed, an isotonie solution of dextrose (containing 3 Gm. 
per kg. of body weight) warmed to 37° C. was administered subcutaneously. 
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Twelve hours later samples from the right and left lobe of the liver were ob- 
tained. The values obtained in this experiment are indicated in Table III. 
These data are presented in graphical form in eurve C of Fig. 1. 


TABLE III 


EFFECT OF GLUCOSE AND MANNOHEPTULOSE ON THE FORMATION OF LIVER GLYCOGEN IN THE 

















~ 


RABBIT 
| | GLYCOGEN PER CENT 
(EXPRESSED AS GLUCOSE) 
| a a =e RATE OF 
ccpstance | AMOUNT | RAB- | WT. | HR. | a SESE Fee peapigip 
SUBSTANCE l INJECTED | BIT IN OF CONTROL | OPERATION ‘ Ve wong 
CE | ose /e no. | KG. | FAST RT _ <<. ¢ 3 | =veume 
| GE / eG. | NU. has (ee ie exe Ae = is 100 GM./HR. 
| | | LOBE RT. | LEFT | RT. | LEFT | 
| | LOBE | LOBE | LOBE | LOBE | 
Glucose | ~ 3 | 3 | 20 | 24 0.23 2.65 | 2.80 |---. |---. | +0.42 
Glucose } | 4] 19 | 24 1.09 ee Loos | WeoOn) aug +0.42 
Mannohep- | 5 | 25 | 24 0.54 | ---- | ---- | 0.90 | 0.96 | 0 
tulose | | | 
5 > . ae ——s on . » 
Average Control (9 animals) 24 =| 0.02 0.98 1.16 +0.046 


An additional experiment was performed in which the same procedure was 
used except that a 6-hour interval was allowed to elapse between the initial and 
final operations. The data are shown in Table IIT. These data are also shown 
eraphieally in Fig. 1, curve D. It will be noted that despite the difference in 
time, the rate of inerease of liver glycogen was roughly the same, and this rate 
was higher than the rate of increase in the control rabbit by a faetor of 10. 
That is, the rate of increase on the control animals fasted 24 hours measured by 
the operative technique described was 0.046 Gm. glycogen per 100 Gm, of liver 
per hour, whereas the rate of increase after glucose administration was 0.42 
(im. of glycogen per 100 Gm. of liver per hour. 

The technique used for glucose administration was also followed when the 
rare sugar, d-mannoheptulose,* was administered. The data are shown in Table 
II]. From Fig. 1, curve FE, it can be seen that mannoheptulose does not appear 
to be a glycogen-former in the usual sense, since the curve for mannoheptulose 
lies between curves A and B (the curves obtained from the two operations 
deseribed). However, these data do not preclude the possibility that manno- 
heptulose may be a precursor of glycogen. Previous work' has shown that the 
administration of mannoheptulose to rabbits is followed by an increase in the 
veast-fermentable copper-reducing substance of the blood. It is possible that 
the substanee arising from the metabolie transformation of mannoheptulose is 
elyeogenetic and yet is not formed fast enough to vield significant increases in 
liver glycogen. 

SUMMARY 


1. A new technique for measuring glycogenesis has been developed. The 
method consists of a double laparotomy under nembutal anesthesia. At the first 
yperation a sample of liver is obtained from a fasted animal to serve as a control; 
at the second operation a sample of liver is obtained which shows the effect 
f the test substance upon elyeogenesis. 

2. Surgery with nembutal anesthesia causes a mild inerease in liver glycogen 


*Kindly furnished to us by Dr. C. S. Hudson of the National Institute of Health. 
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in rabbits fasted 24 to 60 hours. This inerease has been determined and _ base 


line values have been established for the conditions of this method. 

3. The method herein deseribed applied to glucose and mannoheptulose gave 
highly significant results. 

4. A study of the changing content of liver glycogen in rabbits under fast- 
ing conditions has been made. 

>. In the rabbit, marked elycogenolysis occurs during the 12- to 18-hour 
period of fasting; during the 24- to 36-hour period after food withdrawal the 
elycogen content of the liver is fairly constant; at the 48- and 60-hour periods 
of fast the liver glycogen is measurably higher than durine the preceding 24 


hours. 
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MICRODETERMINATION OF BLOOD GLUCOSE* 





FRANCES U. LAUBER, B.A., AND MarJorie R. Marticr, M.S. 
New York, N. Y. 


REVIEW of published methods for blood sugar determination failed to 
A disclose one which fulfilled our requirements for a procedure simple enough 
so that a number of determinations could be carried out promptly and yet suf- 
ficiently precise for investigations where relatively small differences in blood 
elucose values were anticipated and where samples of only 0.1 ¢.e. of blood 
might be available for analysis. Existing methods, therefore, were modified and 
adapted to our needs. 

The procedure evolved is a combination of parts of well-known and estab- 
lished methods. Protein removal is secured by the technique of Somogyi, using 
an alkaline zine solution. The nature ef the reducing substance in the filtrate 
was shown to agree closely with the fermentable sugar or ‘‘true glueose’’ and 
was estimated by the photoelectric colorimeter after development of the Folin- 
Wu blue color.2. The method is equally well suited to the visual colorimeter. 


REAGENTS 


1. The alkaline copper tartrate and phosphomolybdie acid reagents for the 
Folin-Wu method are described in all standard textbooks on elinical chemistry. 
2. Glucose solutions for standardization are made from a stock one per cent 
solution in a saturated aqueous solution of benzoie acid. 
3. The zine sulfate reagent is prepared by dissolving 6.25 Gm. zine sulfate 
ZnSO,.7H,0) in about 200 ¢.e. water and then transferring to a liter volumetric 
flask. Sulfurie aeid (62.5 ©. of 0.25N solution) is added to the flask and 
mixed. The solution is made up to volume with water. On titration, 25 ¢.e. of 
this zine sulfate solution should be neutralized by 5.00 to 5.10 ¢.c¢. of the 0.25 N 
sodium hydroxide solution (solution 4) using phenolphthalein as the indicator. 
Hreshly prepared quantities of both of these solutions (8 and 4) should always 
} 


‘ standardized in this way before being used. 


4. Sodium hydroxide, 0.25 normal. 
PROCEDURE 


For determinations on eapillary blood, the finger is pricked with a sterile 
\fagedorn needle and held over a shallow paraffin cup so that the specimen ean 
drip or be ‘‘milked’’ into this container. This paraffin cup is prepared according 
o Abrahamson’ by pouring liquid paraffin into a medium-sized plastic or metal 


*From the Research Division of the New York Diabetes Association, Inc., and the 
iboratory of Pathological Chemistry, Department of Medicine, New York Post-Graduate 
edical School of Columbia University. 
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bottle cap and cooling it to solidity rapidly, preferably in a refrigerator; on 
cooling and contraction, the surface becomes coneave, forming the shallow cup. 
This cup has two distinct advantages. First, it serves to prevent rapid clot- 
ting; and, second, it allows several drops of blood to be pooled for pipetting 
without inclusion of air bubbles. 

For measuring the blood, a serologic pipette calibrated to contain 0.1 ¢.c. 
blood is used. A convenient pipette filler can be assembled by inserting a well- 
fitting nut and bolt into a 3-inch length of heavy-walled rubber tubing. The 
opening of the tubing must fit tightly over the end of the pipette. When the 
tip of the pipette is dipped into the specimen, if airtight connections have been 
made, unscrewing the bolt will draw blood into the pipette. Before discharging 
the measured specimen, the tip of the pipette is wiped with a clean piece of 
gauze. 

The capillary or oxalated venous blood (0.1 ¢.e.) is discharged into 1.6 e.e. 
of the zine sulfate reagent contained in a small test tube (100 x 13 mm.). The 
pipette is rinsed several times with the contents of this tube. The tube is shaken 
so that the blood is completely laked. The sample may be left at this stage, 
corked, at room temperature for several hours without danger of loss of sugar 
such as occurs with oxalated blood. 

When it is convenient to proceed with the determination, 0.3 ¢.c. of 0.25 
N sodium hydroxide is added and the test tube is vigorously agitated to assure 
uniform coagulation. After a few minutes’ standing, it is centrifuged, and 1 
e.c. of the clear, colorless supernatant fluid is transferred to a graduated 10 ¢.c. 
test tube (approximately 150 x 13 mm.). A similar tube receives 1 ¢.e. of 
standard glucose solution (0.005 or 0.01 per cent according to the anticipated 
blood glucose value). To each tube is added 1 ¢.c¢. alkaline copper tartrate 
reagent; the tubes are gently but thoroughly shaken and heated in a boiling 
water bath for exactly eight minutes in an upright position. The tubes are 
cooled in running water for one to two minutes, after which 1 ¢.c. of phospho- 
molybdie acid is added. All of the cuprous oxide should react with this reagent. 
The tubes must not be shaken at this point. If a scum of oxide persists on the 
surface of the blue solution, an additional drop of the phosphomolybdie acid 
solution should be allowed to fall on the film and cause its disappearance. The 
tubes should stand undisturbed for fifteen minutes for maximum color develop- 
ment. 

The solutions are diluted to 6.25 ¢.c. or some other convenient volume, and 
the tubes are inverted several times. After four to five minutes, the colors are 
matched in a colorimeter. We have employed a Klett-Summerson photoelectric 
instrument fitted with a 42 filter (blue). If a visual colorimeter is used, micro 
cups and plungers should replace the standard equipment. 

Special test tubes can be used for development of color. We have em- 
ployed both constricted and plain tubes one-fourth the size of the regulation 
Folin-Wu sugar tube. The plain tube is superior to and less expensive than 
the constricted one. Stock 10 ¢.c. graduated tubes have been entirely satisfac- 


tory, however, and permit a wide range of dilutions. 
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CALCULATION 
Kor the Klett-Summerson photoelectric colorimeter : 


ee ene ae eee . 
Reading of Unknown X 0.05 X 2X 1000 — me./100 ce. 
Reading of Standard 
Where 0.05 = me. glucose in 1 ¢.c. standard 0.005 per cent solution 
2 = factor for aliquot of filtrate analyzed 
1000 = factor for conversion of 0.1 ¢.¢. to 100 ¢.¢. blood 


For the visual colorimeter: (standard set at 15 mm.) 


15 


— an X 0.05 X 2X 1000 = mg./100 ce. 
Readine of Unknown 


These equations are valid when dilution of standard and unknown are the 
same. If the dilutions differ, an additional factor must be used to correct the 
preceding equations. 

If the photoelectric colorimeter is used, the results can be made more pre- 
cise by running a blank, wherein 1 ¢.c. of water is substituted for the filtrate. 
The reading of this blank may be subtracted from all unknown and standard 
readings, or the pointer of the colorimeter may be set at zero with the blank and 
all other solutions read with the colorimeter at this setting. The use of the blank 
is impractical with the visual colorimeter, since the depth of color is too small 
for accurate reading, 

DISCUSSION 


The method has been checked carefully for accuracy and reliability. Over 
two dozen specimens of capillary and venous blood have been analyzed in dupli- 
cate, and the results were found to check to within +8 me. per 100 ee. 

In studying recovery with this method, 0.1 ¢.¢., samples of pooled venous 
blood were analyzed in duplicate. Simultaneously, 0.1 ¢.c. samples of a 1:1 
mixture of the same blood and 0.1 per cent glucose solution were tested. Values 
obtained agreed with the theoretical within the range of —1 to +3 mg. per 100 ¢.e. 

Fermentation experiments were undertaken to ascertain how close the values 
obtained with this method came to ‘‘true glucose.’’ The procedure of fermenta- 
tion used was essentially that of Peters and Van Slyke,* except that a 0.5 ee. 
portion of the yeast suspension was used for the 1 ¢.c. of filtrate. The findings 
are shown in Table I. 

TABLE I 


COMPARISON OF ‘‘ TRUE SUGAR’’ VALUES 


SPECIMEN OBSERVED BLOOD FERMENTABLE 


’ ia “— DIFFERENCE 
NO. SUGAR VALUE SUGAR 
— oe mg./100 ¢.e. 69 +2 
2. 75 74 +] 
oe 343 540 9 +3 
t. 264 262 +2 
D. 98 97 +] 





The veast blank was found to give a reading equivalent to 1 mg. higher 
than the water blank. This correction has been made in the tabulated figures. 
This micromethod was checked against the macromethod from which it was 
mainly devised. For several years the Laboratory of Pathological Chemistry 
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of the New York Post-Graduate Hospital has routinely used Somogyi’s zine 
filtrate (macro procedure IT)! for the determination of blood sugar by the colori- 
metric technique of Folin and Wu.2 The results of this combined macromethod 
were checked against the titration method which employs the Shaffer-Somogyi 
Reagent 50.2. Colorimetrie procedures have been found more satisfactory for 
routine conditions in a busy laboratory than titrimetric methods, especially those 
involving determination of blood sugar in finger-tip samples. 

Comparison of the macromethod and the micro modification of this method 
were satisfactory. Deviations were both positive and negative, and none ex- 
ceeded 5 mg. These comparative tests were not only run by a single analyst, 


but also by the routine laboratory against the special analyst. 
SUMMARY 


A micromethod for the accurate determination of true blood eluecose is 
deseribed. This method is suitable for routine and investigational purposes, 
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THE STANDARDIZATION AND ASSAY OF HEPARIN BY THE 
TOLUIDINE BLUE AND AZURE A REACTIONS* 


ALFRED L. Copley, M.D.,+ CHARLOTTESVILLE, VA., AND Davin V. Watney, III, 
B.S., CHem, E., Kansas City, Mo. 


A Correction 


N error in the previous paper! has occurred with regard to the concentration 

of toluidine blue (TB) or azure A (AA), which concentration should be 

ten times more diluted. In Method I, it should read: Make up 1:10,000 toluidine 

blue or azure A by adding 1.6949 Gm. TB (NU-38) to 1,000 ¢.¢. or 1.1494 Gm. 

AA (NAz-7) to 1,000 ¢.¢. of distilled water, and further dilute these coneentra- 

tions of TB or AA ten times in distilled water. In method IT, it should read: 

A measured portion of the sample is titrated in a beaker with 1:20,000 solution 

of TB or AA made up by adding 0.8475 Gm. TB (NU-3) to 1,000 ¢.¢, or 0.5747 

(im. AA (NAz-7) to 1,000 ¢.¢. distilled water, and further dilute these coneen- 
trations of TB or AA ten times with distilled water. 

Throughout the whole paper, all the concentrations of toluidine blue or 
azure A and all quantities given in gamma should read one-tenth of the reported 
values. Therefore, in the summary, the correction stands : 

5. The colorimetric unit of heparin is defined. One unit of heparin de- 
colorizes 15 gamma of 100 per cent toluidine blue dve content. This unit equals 
25.4 gamma of toluidine blue NU-8 or 17.2 gamma of azure A NAz-7. 


*From the Hixon Laboratory for Medical Research, University of Kansas School of Medi- 
ine, Kansas City, 


*Division of Research Surgery, University of Virginia, Charlottesville, Va. 
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BOOK NOTICES 


Texto de Bacteriologia* 
cape to the authors, this book has been written for those who wish to understand 


the science of bacteriology: medical students, graduate students, technicians, ete. The 
material covered is divided into two parts: 36 of a total of 60 chapters are concerned with the 
historical background in detail, including biographical sketches of over 150 individuals, and 
the morphology and physiology of the bacteria; the remaining 24 chapters are devoted to 
apparatus and techniques. As an example of the thoroughness of this part, the electron mi- 
croscope is considered in detail with reproductions of photographs of cocci, bacilli, and 
spirochetes taken with this instrument. 

One misses in this text descriptions of the cultural and morphologic characteristics, 
biochemical and serologic reactions, and the pathogenicity of specific organisms. 

English-speaking students wishing to acquire a vocabulary in Spanish of bacteriologic 
terms will find this book very helpful. 


Clinical Significance of the Blood in Tuberculosis; 


NE would wish to write only praise for a work into which enters so much toil and tribute 
by a trust fund. The paper book cover prints praises of authorities. 

The book is vague and is not for technicians and is of questionable value for clinicians. 
The bibliography of some 604 references is far from complete. Important contributions on 
the subject made in recent years, which must be known to the author, are omitted. Poorly 
arranged, this book will prove confusing to the uninitiated in the field of blood work, since, 
instead of starting with a discussion of standards, thus laying a groundwork of under- 
standing of what constitutes a normal blood, the author leaves this important subject until late 
in the book. These standards are arbitrarily set up without giving evidence as to rationale. 
Too few illustrations occur. Pictures of the blood cells under discussion are needed for 
practical purposes. 

The chapter (27) on the correlation coefficient is extremely confusing and reveals a 
lack of understanding of higher statistical methods and the valuable assistance these methods 
can give in an investigation of hematological data in tuberculosis. It ignores a paper by 
30issevain, Forster, and Good which suggests its foundation. 

The changed leucocytic picture of altitude is neglected. In 1909, in Colorado Medicine, 
Webb and Williams first mentioned the lymphocyte increase in the blood due to altitude. 
This was later presented to and published by the Royal Society in England. 

The increase in platelets in tuberculosis was well known to Osler, who always took the 
blood of a tuberculous patient to demonstrate platelets to his students. Research workers 
have done little to find out the why! Platelets are also increased by altitude. 

Looseness of terms runs through the book. The best chapter deals with the sedimentation 
rate and the importance of securing a normal rate as well as a normal leucocytic response. 

The section of the book devoted to the effect of therapeutic methods, such as pneumo- 
thorax and thoracoplasty and of exercise on the blood picture, may be valuable to a specialist 
treating tuberculosis. 


GERALD B. WEBB. 





*Texto de Bacteriologia. By Arturo Curbelo y Hernandez, and Giraldo Insua y Cartaya, 
Professors Auxiliar y Agregado de la Catedra de Bacteriologia de la ‘Escuela de Medicine de 
la Universidad de la Habana. Cloth, illustrated with engravings and colored plates, 610 pages. 
M. V. Fresneda, Habana, Cuba, 1943. 

7Clinical Significance of the Blood in Tuberculosis. By Gulli Lindh Muller, M.D., Patholo- 
gist and Director of Laboratory, New England Hospital for Women and Children, Boston: 
Formerly Pathologist, Rutland State Sanatorium, Rutland, Massachusetts. Cloth, 516 pages, 
$3.50. The Commonwealth Fund, New York, 1943. ‘ 
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BOOK NOTICES 


Chronic Pulmonary Disease in South Wales Coalminers* 


HIS publication by the British Medical Research Council is entitled to the greatest praise. 
Forty-two cases of pneumoconiosis in coal miners are recorded with excellent x-ray photo- 
graphs and pictured histologic sections. 

Low relative humidity (deep mines) favored development of pneumoconiosis. 

The lungs contained up to 6 Gm. of carbon and 2 Gm. of silica, mostly in the form of 
silicates, of which mica was the principal representative. 

The term ‘‘dust reticulation’? to correspond with x-ray reticulation is suggested to 
take the place of anthracosis. The latter term is unsuited, since the miners’ lungs with 
reticulation have a notable retention of silica as well as carbon. A new word Koniophthisis 
is coined for a distinctive type of pulmonary tuberculosis modified by dust reticulation, 

Incidence of pneumoconiosis is reported as four times as frequent in anthracite as in 
the bituminous miners, yet 14 per cent of the latter revealed x-ray shadows. Should such 
‘‘dust reticulation’? types be compensatable as are those of nodular types the industry will 
be faced with enormous claims. 

These studies are well incorporated in a Report on Pneumoconiosis in The American 
Journal of Publie Health, July, 1945, by the Committee investigating this disease. 

GERALD B. WEBB. 


Micrurgical and Germ-Free Techniques} 


HIS is an extremely interesting and well-written book, but it is of little practical value 

to anyone outside of this narrow field. Descriptions, illustrations, and references are 

excellent. The information in chapters IX, X, and XI, on control of cross infection of air 

borne nature by various barriers, should be carefully weighed by anyone charged with design 
or remodeling of hospital wards and rooms, especially in relation to nursery planning, 

Any student contemp ating scientifie research might read this book in order to develop 


a concept of what is meant by the term ‘‘scientifie method.’ 


Borderlands of Psychiatry? 


“TT? HE ‘* Borderlands of Psychiatry’’ include those diseases which are treated at times by the 

neurologist, again by the internist, and most frequently by the psychiatrist. Of these Dr. 
Cobb discusses stammering, epilepsy, the psychoneuroses, and the psychosomatic disorders. 
Cobb estimates that there are at least six million persons in this country who are troubled 
vith one of these ‘‘borderland’’ disorders. This estimate if anything is a low one. The 
persons with psychoneurotic or psychosomatic disorders alone probably number higher than 
this, if one includes all persons with subclinical symptomatology. Indeed, one of our major 
medical and publie health problems is to study and understand these disorders so that a start 
nay be had in adequately treating and preventing them. 

In Borderlands of Psychiatry Cobb presents an approach towards these frequently 
neglected diseases which should aid in dispelling much of the loose thinking which has 
centered about them and which has made them in general so poorly understood. This is a 
physiologie approach. He emphasizes that a priori acceptance of the validity of the freely 


ised dichotomies, ‘‘organie and functional,’’ ‘mental and physical,’’ ‘* psychic and somatic’’ 


*Chronic Pulmonary Disease in South Wales Coalminers. I. Medical Studies. Privy 
Council. Medical Research Council. A. Report by the Committee on Industrial Pulmonary 
} ; > ; ‘ 
Disease. B. Medical Survey, by P. D’Arecy Hart and E. A. Aslett, with contributions by D. 


Hicks and R. Yates. C. Pathological Report, by T. H. Belt with assistance from A. A. Ferris. 
Sixth Edition. Paper, 222 pages, 10s. His Majesty’s Stationery Office, London, 1942. 

+Micrurgical and Germ-Free Techniques. Their Application to Experimental Biology 
ind Medicine. A Symposium, Edited by James A. Reyniers, The Laboratories of Bacteriology, 
University of Notre Dame, Notre Dame, Indiana. Cloth, 274 pages, $5.00. Charles C Thomas, 
Publisher, Springfield, Illinois and Baltimore, Maryland, 1943. 

tBorderlands of Psychiatry. By Stanley Cobb, M.D., Bullard Professor of Neuro- 
pathology, Harvard Medical School, and Psychiatrist-in-Chief, Massachusetts General Hos- 
pital, Cambridge, Mass. Harvard University Press, 1943. 
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is one of the chief factors leading to confusion in psvehiatrie and medical thought. He 
suggests that etiologie classification should be based on terms such as ‘*psvchogenie,’’ 
‘*genogenic,’’ ‘‘histogenic,’’ and ‘‘chemogenic,’’ and states that thereby it may be pos 
sible to avoid the intellectual pitfalls in which most of us are trapped when considering 
psychiatric disorders. He would have us deny the physiologically unsound tenets implied 
in the use of the terms ‘‘organie,’’ ‘‘funectional,’’ ete. 

This book, the fourth in a series of ‘‘Harvard University Monographs in Medicine 
and Public Health,’’ is written in a conversational style and contains illustrative case 
histories and many thought-provoking personal views of Dr. Cobb. It can be recommended 
to physicians, medical students, and others for orientation in the complexities of psychiatry 
as it exists today. 


Rabies* 


VALUABLE arsenal of information concerning the status of rabies has been made avail 

able to the practicing physician, public health officer, and veterinarian. In the first 
portion, discussion is made of types of rabies, and the author proceeds in a full but rapid pace 
to the technique of laboratory examination. In the seeond part, all phases of control from 
state level down to the choice and evaluation of vaccine in human prevention are clearly pre 
sented. Of special interest is the treatment of the perplexing question of who shall take rabies 
treatment. 

The bibliography and footnotes are very comprehensive. The appendix contains the 
meat of ordinances concerning rabies control for the health officer and, also, tables on im 
munizing potency of vaccines for the student. 

Both the physician confronted with a ease of dog bite and the health officer in the dilem- 


ma of a rabies epidemic will find rational modi operandi in this book. 


SIMPSON MEMORIAL INSTITUTE 
ANN ARBOR, MICH. 





*Rabies. By Leslie T. Webster, M.D., the Rockefeller Institute for Medical Research, 
New York. Cloth, $1.75. The Macmillan Company, New York, 1942. 








